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In the pathogenesis of bronchial asthma mediated by specific hyper- 
sensitiveness, hereditary predisposition, as well as the immunologic 
mechanism, frequently plays an important role. This is especially 
common among atopic patients. The immunologic mechanism is 
regarded as involving an antigen-antibody reaction on or within certain 
cells or tissues designated as shock organs. These organs are likewise 
usually subject to hereditary influences. The particular site of the 
allergic reaction, whether the epithelium, the smooth muscle or the endo- 
thelium of blood vessels, has been subject to a great deal of controversy. 
It is the purpose of this paper to review this phase of the problem and to 
indicate that the vascular apparatus plays a basic role in the production 
of altered tissue reactivity in man. 

A number of arguments support this hypothesis. 

According to Lewis? and Dale * the antigen-antibody interaction is 
supposed to result in the liberation of a histamine-like substance which 
leads to increased vascular permeability and consequent edema. This 
edema is considered to be responsible for the production of the clinical 
symptoms of allergy. The initial implication of the endothelium of blood 
vessels rather than the smooth muscle in this effect seems to be obvious. 
Moreover, sensitization of smooth muscle of human origin like the 
sensitization which exists in lower animals has not been demonstrated. 
Since, therefore, the blood vessels appear to be the primary site of the 
allergic reaction, it may be reasoned that any organ in the body may 


From the Medical Services of the Mount Sinai and Montefiore Hospitals. 

Read at the annual meeting of the American Society for the Study of Allergy, 
St. Louis, May 15, 1939. 

1. Lewis, T.: The Blood Vessels of the Human Skin and Their Responses, 
London, Shaw & Sons, Ltd. 1927. 

2. Dale, H. H.: On Some Chemical Factors in Control or Circulation, 
Croonian Lectures, Brit. M. J..1:1093, 1929; Lancet 1:1179, 1233 and 1285, 1929. 
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Case 1: F. B.; 21 


Mother, hay fever; 
sister, hives; colds 
since 1932, cough 

and expectoration 


Antrums and sphe- 


noid sinuses 


Cultures of wash- 
ings positive for 
Staph. aureus 
haemolyticus 


Moderate 


Recurrent pulmon- 
ary infiltrations, 
ten recurrences 
from 1932 to 1939 


Eosinophils 
present 


W. B. C. (mini- 
mum) 7,600; (max- 
imum) 32,000; H. 
B. 66% 


17 to 54 


Positive reactions 
to foods and to 
pollens of trees, 


timothy and ragweed 


Not studied 


Case 2: 8. G.; 42 


Colds for many 
years; cold in Feb- 
ruary 1936 


Pansinusitis 


Severe, recurrent 
from 1936 to 1939 


Recurrent infiltra- 
tions on two oc- 
easions, March 
1937 and Decem- 
ber 1937 


Eosinophils 
present 


Cultures positive 
for pneumococci, 
streptococci, Vin- 
cent’s spirillae and 
fusiform bacilli 


W. B.C. 16,500; R. 
B. C. 4,160,000; H. 
70 


63 


Positive reactions 
to ragweed, tim- 
othy and dust 


Not studied 


Case 3: L. G.; 48 


Cough in 1936; asthma 
and hay fever in family 


Polypoid ethmoiditis 


Present from 1936 to 1938 


Oct. 21, 1938, mottled in- 
filtration in lower lobes of 
both lungs; Nov. 19, pul- 
monary infiltrations 
throughout both lungs 
interstitial in character 


Eosinophils present 


Cultures positive for Str. 
haemolyticus, Str. vir- 
idans and Micrococcus 
catarrhalis 


W. B. C. (minimum) 
16,000; (maximum) 24,300; 
R. B. C. 5,800,000, 3,570,000; 
color index 0.7; H. B. 
68% 


26 to 47 


Slight reactions to var- 
ious foods, dust and 
tobacco 


Nov. 4, 1938, T wave in 
lead I semi-inverted and 
T wave in leads II and 
IIL inverted; Nov. 17, 
sinus tachycardia present 
in Q wave in lead III. T 
wave in lead III inverted, 
insufficient evidence of 
myocardial involvement 


——— 
Case 4: DZ: 
































Epidermopby tosis guy. 
ing summer 1937; pi 
sdptieehe (ach 
gon Pin (antuitry 
S) and oral adminictr, 
tion of pituitary gig: 


Involvement of right » 
trum and sphenoid sing 


None; cough and blooty 
expectoration : 


Oct, 3, 1937, faint infitr 
tion in lower lobe ani 


upper lobes, interstitia) 
filtrations in both uppe 
lobes suggestive of inte 
stitial pneumonitis; Nor 
19, resolution of lungs 


Cultures positive for 
yeast, Str. viridans, 
Staph. aureus B, M. p» 
ryngis siccus 


W. B.C. (minimum) 
14,500; (Oct. 9, 1937 
21,800; culture sterile 


39, 52 and 65 


Positive reactions to # 
beef, lamb, rice, musts 
pepper, plantain, feathe 
and the like 

Oct. 9, 1937, left ventr 
lar preponderance in & 
wave of lead I preseot 
suggesting hypertropty 
of left ventricle, T "i" 
in lead III inverted, T 
wave in lead IV isoele" 


changes in the deflect 

and amplitude in T ¥# 
apparent in repeated 

trocardiograms; on \t 
24, 1987 T' waves in kat 
I, II and lower lead IV 
normal 





*The following abbreviations are used: 


W. B. C., white blood cells; H. B., hemoglobin concentration, 
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F. H.; 21 


Case 5: 


Bis dur. Xo family history of aller- 
7; injer zy; colds sinee infancy, 
nic cmos and cough since 
antultri: age of 16, rhinorrhea since 
Ministrs July 1934 
¥ gland 
Tight a pigterai maxillary and 
Oid sinus ethmoid sinusitis 
cultures of washings posi- 
uve for Staph. aureus, 
str. viridans and Staph, 
albus 
1d bloods wevere 


\sthma in January 1937, 
temp. 104 F.; roentgeno- 
gram of chest negative, 


of left lung; May 18, 1938, 
ofiltration in lower or 
widdie and upper lobes of 
eft lung; Aug. 16, irregu- 
ar infiltration in lower 
f lungs 


heart normal; April 11, 
pulmonary infiltration in 
pper lobe of left lung; 


pper lobe of right lung; 
pleural exudate 


Eosinophils present 


W. B. C. (minimum) 
15,000, (maximum) 30,000 
to $0,000; marked eosino- 
philia of bone marrow re- 
vealed by puncture 


5, 388 and 50 
Essentially negative 


July 1987, sinus tachyear- 
dia (rate 115), T wave in 
rad Il, low T wave 

n lead ITI semi-inverted; 
(et. 7, 1988, pericarditis, 
sinus tachycardia (rate 


n lead Il, Q wave present 
lead III, T waves is 

tric in all leads, venous 
pressure 16.25 em. after 
pressure on upper right 
quadrant of abdomen; 
pressure in right jugular 
vein 23.5 em., rising to 

5 em., normal again on 
Ort. 30; April 11, 1939, 
sinus tachycardia (rate 
130), QRS complexes 
notehed in lead II, high 
voltage in P wave and 
‘ow in T waves in leads 
_ Il and IIT, suggestive 

{ involvement of ven- 
tricular muscle 





although signs of broncho- 
pneumonia found over base 


obe of left lung; March 20, 
u9, roentgenogram normal, 


May 18, 1989, infiltration in 


110), QRS complex notched 


Case 6: P. D.; 41 


Ragweed hay fever for 
many years, sinusitis for 
8 years, operation in 1933 
followed by relief for 
some time 


Pansinusitis 


Cultures of washings posi- 
tive for Staph. aureus 
and Staph. citreus 


Severe, recurrent since 
1932 


March 8, 1935, areas of in- 
terstitial infiltration in 
lower lobe of right lung; 
July 22, 1935, inflamma- 
tory reaction of left hilar 
lymph nodes, which show 
marked enlargement: Aug. 
16, 1935, disappearance of 
root shadow 


Greenish, mucoid, contain- 
ing numerous eosino- 
phils 


W. B.C. (minimum) 
18,300, a 23,000; 
anemia; H. 50% 


30, 50, 60 and 84 


Positive reactions to rag- 
weed, dust, tuna fish, 
peas and Staph. aureus 
vaccine 


July 21, 1935, sinus tachy- 
cardia (rate 105), right 
ventricular preponderance, 
large P waves, slurring of 
QRS complexes, T waves 

in leads II and III inverted, 
hypertrophy of right ven- 
tricle with myocardial in- 
volvement indicated by 
abnormalities; Oct. 2, QRS 
complex low in lead I, T 
wave in lead II upright, 

T wave in lead III iso- 
electric; Nov. 18, sinus 
tachycardia, no other 
changes 


- 
Case 7: B. 8.; 32 
Case 8: M. B.; 88 
Exposure in ice box in August 
1981 followed by cold, chil! 
and pain in right side of 
chest 


No family history of 
allergy; cold December 
1937, cough 


Pansinusitis, recurrent 
attacks 


Sinusitis, polypectomy, 
polypoid sinusitis; cloud- 
ing of all sinuses shown in 
roentgenogram taken 
April 5, 1938 


In 1937 asthmatic bron- Severe, recurrent 
chitis for 6 months, asthma 
clearing in summer; recurrent 


attacks relieved by epineph- 


rine; asthma and cough 
severe and continuous at 
time of readmission to 
hospital July 9, 1988 


Feb. 14, 1938, roentgeno- 
genogram of chest, dis- 
tinct exaggerations of 
pulmonary markings at 
bases of both lungs and 
linear shadows over both 
lungs, probably due to 
residual pleuritic 
thickening 


Eosinophils present 


W. B.C. 14,000 to 26,008; 
eosinophilia (e 

11.2%, “eosinophilic oa 
cytes 6.2%) of bone mar- 
row revealed by puncture 





30 to 40 
Negative 


February 1938, pericardial 


July 9, 1934, roentgenogram: 
marked hilar fibrosis, organ 
ized productive infiltrations 
in both central] pulmonary 
flelds; May 13, 1935, bilateral 
hydrothorax; recurrent pul 
monary infiltrations in 1935 
and 1936; subsidence in 1937 


Eosinophils present 


Cultures posititve for pneu 
mococci, diphtheroids, gamma 
hemolytic streptococci, Staph. 
albus and Staph. aureus 


W. B.C. (minimum) 7,900, 
(maximum) 19,000 


7 to 39 
Negative 


July 9, 1934, right axis devia 


friction rub in 4th left inter- tion, low voltage changes of 


costal interspace; cardiac 
enlargement to right and 
left; studies of circulation 
time indicative of right- 
sided heart failure; fluoro- 
scopic examination, ad- 
hesive pericarditis and me- 
diastinitis; enlargement of 
right ventricle but not of 
left visible in roentgeno- 
kymogram; Feb. 10, 1938, 
sinus tachycardia (rate 
115), QRS complex slurred 
and of moderately low 
voltage, T waves in leads 
I, If and IV inverted, 
changes indicative of in- 
volvement of ventricular 
muscle 


T waves suggestive of myo- 
cardial damage; March 9 
1935, fast rate, right axis 
deviation, low voltage, first 
stage of auriculoventricular 
block; pericardial effusion; 
enlargement to right and 
left; progressive cardiac fai! 
ure due to constrictive peri 
carditis. 








R. B. C., red blood cells. 
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Signs and Symptoms in Eight Cases of Bronchial Asthma with | 
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Case 1: F. B.; 21 Case 2: 8. G.; 42 Case 3: L. G.; 48 Case 4: D. Z.; % 
Serous mem- Two attacks of |. .Sadvadewaen dakreihesaenen Effusions in bases of both 
branes pleurisy with effusion; 900 ce. lungs, consisting of hep. 
effusion of amber fluid orrhagie fluid showing 
on thoracentesis 95% of eosinophils: ey. 
ture of fluid sterile 
Cutaneous None None None Necrosis of skin in Seay 
lesions pa’s triangle of right 
thigh 
Biopsy of Negative Negative Negative Oct. 11, 1937, biopsy of 
skin lesions in Searpa’s tr 
angle, acute diffuse ip 
flammation with eosino. 
philia 
Extremities Normal Normal Normal 
Complications None None None except for mild 
arteriosclerosis of fundi 
Result Patient well Patient well Patient well Patient well 


VLeCurren} 









become a shock tissue if the blood vessels supplying it have become 
sensitized. The simplest example of this is urticaria or eczema due to 
food hypersensitiveness, in which the skin becomes a shock organ by 
virtue of sensitization of the blood vessels which supply it. Further 
evidence of sensitization of blood vessels as such has been presented 
in my demonstration of tobacco allergy in thromboangiitis obliterans, 
varying forms of migrating phlebitis and certain types of angina pectoris 
in young persons with or without disease of the coronary arteries. 
Biopsies of skin taken from areas of cutaneous reaction to tobacco in 
persons with such conditions showed typical perivascular infiltrations 
of eosinophils and edema. Similar findings by Sulzberger * have con- 
firmed these observations. The experimental production of gangrene 
of the toes of male rats following intraperitoneal injection of denicotinized 
tobacco extracts by Friedlander, Silbert and Laskey * and by Harkavy,’ 


3. Sulzberger, M. B.: Recent Immunologic Experiments in Tobacco Hyper- 
sensitivity, Bull. New York Acad. Med. 9:294, 1933. 

4. Friedlander, M.; Silbert, S., and Laskey, N.: Toe Lesions Following 
Tobacco Injections in Rats, Proc. Soc. Exper. Biol. & Med. 34:156, 1936. 

5. Harkavy, J.: Tobacco Sensitization in Rats, J. Allergy 9:275, 1938. 
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infiltrations and Eosinophilic Polyserositis—Continued 








Case F. H.; 21 
Pericarditis and medias- 
tis; pleuritis on the 

t side 


Negative 





yarthritis, lasting 
ut a week 






Patient discharged with 
some improvement, Dec. 
i, 1988; reeurrences of 
mild asthma after Jan- 
jary 1939; at present 
asthma severe and pa- 
tient in hospital 


Case 6: P. D.; 41 


Ascites; 10,500 white cells 
per cubie centimeter, with 
85% eosinophils; culture 
of ascitic fluid sterile; 
pleurisy at base of right 
lung 


Negative 


Numbness and weakness 
of legs; myeloradiculitis; 
palsy on left side of face; 
polyneuritis 


Acute abdominal pain and 
shock due to mesenteric 
occlusion, followed by 
peritonitis; stools posi- 
tive for blood; temp. 104 
F.; disappearance of 
eosinophils from blood 


and peritoneal! fluids; local- 


ized abdominal abscess 
due to perforation of in- 
testine; aspiration and 
drainage of abscess; local- 
ization followed by im- 
provement; red blood cells 
in urine on Aug. 9, 1925 
Asthma improved for a 
while; recurrence in No- 
vember 1936; asthma still 
present 


Case 7: B. 8.; 3 


Ascites; cells in ascitic 
fluid 80% eosinophils; cul 
ture sterile 


Urticaria; purpura 


Subepidermal edema, dif- 
fuse perivascular and peri- 
neural! infiltration with 
eosinophils; no vascular 
lesion; infiltration of 


purpuriec lesion with eosino- 


phils 


Urticaria and purpura over 
ankles, legs and arms; 
polyneuritis 


Temperature 101 to 102 F., 
acute abdominal pain; 
ascites; enlarged liver; 
distention of abdominal 
veins; icterus 


Constrictive pericarditis; 
death from cardiac 
failure 


Case 8: M. B.; 3s 


Bilateral pleural reeurrent 
effusion with eosinophilia; 
culture of fluid sterile; ascites 
present 


Urticaria; angionecurotic 
edema; purpura 


Biopsy of nodule in 1936, 
“subacute inflammation lim 
ited to perivascular tissues of 
small arteries”; typical peri 
arteritis nodosa in another 
section from same nodule 


Polyarthritis in 1936; poly- 
neuritis; purpura on feet and 
ankles; edema of feet 


Generalized lymphadenitis: 
chronic lymphadenitis with 
eosinophilia shown on biopsy 
of lymph node; development 
of nodules on forearm show- 
ing periarteritis nodosa; 
amyloidosis of liver, with 
100% retention of congo red; 
hypoproteinemia; albumi 
nuria; peripheral edema with 
out hypertension 


Constrictive pericarditis; 
death after acute lobar 
pneumonia due to 

Pneumococcus type XIX 





as well as the demonstration that these animals had been sensitized to 
tobacco, lends added support to the concept of involvement of blood 
vessels in the allergic response. 

The present report deals with other forms of vascular sensitization 
as manifested in a group of 8 patients in whom, with a single exception, 
asthma was the cardinal symptom. The object of this study is to demon- 
strate that the asthma was but one of the expressions of varying degrees 
of underlying vascular allergy and appeared concurrently or alternately 
with involvement of other tissues subject to the same allergenic 
stimulation. 

CLINICAL FINDINGS 

A synopsis of the signs and symptoms manifested by the patients 
under investigation is presented in the table. As intimated previously, 
the initial symptom, with 1 exception, which sent these patients to the 
hospital was severe bronchial asthma. Inquiry into their past revealed 
the existence of a family and a personal history of allergy in 2 and 4 
patients, respectively. Investigation by means of intradermal cutaneous 
tests of the possible agents responsible for the attacks disclosed positive 
reactions to pollens and foods in 5 of the 8 patients (cases 1, 2, 3, 4 
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and 6). These reactions were found to be clinically significant only 
in 3 (cases 1, 2and6). The major etiologic role in the causation of the 
presenting symptoms in the majority of the patients was attributed to 
bacterial allergy emanating from chronically infected sinuses. Coinci- 
dentally with the asthmatic attacks there appeared interstitial pulmonary 
infiltrations, abnormal electrocardiographic changes ° (figs. 1, 2 and 3) 
and pleural effusions of eosinophils in close succession in 6 of the 
patients. These signs were reversible and disappeared with the termina- 








Fig. 1 (case 4).—A, electrocardiogram made Oct. 23, 1937. The T waves are 
low in the standard leads and inverted in lead IV. B, electrocardiogram made 
November 16. The T waves are normal in the standard leads and low in lead IV. 


tion of the asthmatic seizures, only to recur with their recrudescence 
(figs. 4 through 6). In the patient (case 4) who did not have asthma, 
in addition to the pleuropulmonary infiltrations and electrocardiographic 
changes, there appeared swelling of the elbow and a hemorrhagic necrotic 
lesion in Scarpa’s triangle, all of which disappeared with recovery of 
the patient within a period of three months. Biopsy of material from the 
necrotic lesion showed an inflammatory reaction with perivascular 
infiltration of eosinophils (fig. 7). 


6. In cases 1 and 2 the patients were not studied electrocardiographically. 
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In the course of an asthmatic attack in case 5, there developed, in 
iddition to the pulmonary infiltrations and electrocardiographic devia- 
tions, involvement of the pericardium. Concurrently with the acute 
pericarditis, which prevailed for about three weeks, the asthma subsided, 
while urticaria and fugitive polyarthritis appeared and remained about a 
week. These symptoms would be suggestive of rheumatic fever 





a i. 











Fig. 2 (case 5).—A, electrocardiogram made July 1, 1937, during an attack of 
asthma. The T waves are isoelectric in leads II and III, and the QRS complex 
is notched in lead II. B, electrocardiogram made Nov. 14, 1938, at the termi- 
nation of an episode of acute pericarditis with asthma. The T waves are inverted 
in leads I, II and III, and the voltage of the QRS complex is lowered. C, a 
normal electrocardiogram made April 11, 1939, showing left axis deviation. 


were it not for the high degree of eosinophilia in the blood which per- 
sisted throughout and the subsequent return of asthma. Recurring 
ittacks of the latter during the past three years were invariably asso- 
ciated with pulmonary infiltrations and electrocardiographic deviations. 
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There has been no return of pericarditis, and the cardiac outlines ha 
remained within normal limits as far as can be determined by roentg: 
ray examination. 

In case 6, along with the asthma, pulmonary lesions and electr 
cardiographic changes, there appeared eosinophilic peritonitis and pol) 
neuritis, which also affected the left side of the face. The polyneuriti 
in conjunction with the other phenomena suggested the possibility 
hyperergic vascular disease of the nature of periarteritis nodosa 


s 








Fig. 3 (case 6).—A, electrocardiogram made Aug. 1, 1935, while bronchial 
asthma was present. There is right axis deviation; the P waves are large; th 
QRS complex is slurred in lead I, and the T waves are inverted in leads II 
and III. B, electrocardiogram made October 2. There is no right axis devia- 
tion, and the T waves are upright but low, reverting toward normal. 


Although no direct proof of this was available in biopsies of muscl: 
and skin, a sudden onset of acute abdominal pain and bloody stools 
in the course of the eosinophilic peritonitis indicated a mesenteric throm 
bosis on a vascular basis. The infarction of a segment of intestine whic! 
followed caused localized suppurative peritonitis. The affected area was 
drained, and the patient recovered. During this episode the eosinophilia 
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Fig. 4 (case 1).—A, on April 7, 1934, roentgen ray examination revealed 
bilateral interstitial infiltration of the lungs. On May 4 the condition of the lungs 
was normal, and on May 31 there was recurrence of the same type of infiltration. 

) on Feb. 1, 1937 there was marked infiltration of the apical portions of the 
iower lobes and the lower portion of the upper lobes of the lungs. On March 4 
the lungs were clear. 





| 


lig. 5 (case 2).—On March 12, 1937 distinct interstitial infiltrations were 


present in both lungs but were more marked in the right than in the left. Bilateral 
pleural effusion was present April 3, and by May 2 the effusion was absorbed. 
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Fig. 6 (case 8)—A, on March 17, 1937 there was diffuse interstitial infiltra- 
tion, with an area of consolidation in the upper lobe of the left lung and a small 
pleural effusion. The heart was enlarged to the right. 8B, by April 20 there 
was almost complete absorption of pulmonary infiltrations and the effusion was 
bilateral. The cardiac shadow was enlarged. 

















Fig. 7 (case 4)—Hemorrhagic necrotic lesion. A, blood vessel; B, perivas- 
cular infiltration with eosinophils. 


" 
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disappeared from the peritoneal fluid as well as from the blood. The 
asthma also subsided, to return one year later after the abdominal fistula 
resulting from the infarction had closed. 

The distinguishing features in cases 7 and 8, in addition to the 
asthma and the pulmonary and myocardial involvement, were the devel- 
opment of irreversible electrocardiographic changes and adhesive peri- 
carditis. In the course of hospitalization the patients in both of these 




















Fig. 8 (case 7)—Specimen of skin taken for biopsy. A, nerve surrounded by 
edematous tissue and showing infiltration with eosinophils; B, blood vessel sur- 
rounded by eosinophils. 


cases presented the symptoms of “constrictive pericarditis.” With the 
appearance of eosinophilic exudates in the pleura and peritoneum the 
syndrome of polyserositis came to the fore. Other important manifesta- 
tions present were polyneuritis, which persisted for a number of weeks, 
and various cutaneous lesions. In case 7 the latter were marked by 
urticaria and by purpura of both upper and lower extremities. On 
biopsy material from the purpuric spots showed perivascular eosinophilic 
infiltrations. In case 8, in addition to urticaria and purpura, there 








— ~ 
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developed angioneurotic edema of the face and larynx and subcutaneous 
nodules over the forearms, which disappeared completely after two 
weeks. A biopsy of material from one of these nodules disclosed an 
inflammatory reaction characterized by perivascular eosinophilic infiltra- 
tions similar to those in cases 4 and 7 in some of the sections and lesions 
typical of periarteritis nodosa in others (figs. 7 through 10). 




















Fig. 9 (case 8).—Subcutaneous nodule. A, blood vessel; B, perivascular infil- 
tration with eosinophils. 


LABORATORY DATA 


Examination of the sputum of each of the asthmatic patients disclosed 
eosinophilia. The bacterial flora was variable and nonspecific. It 
included pneumococci, Streptococcus haemolyticus, Streptococcus vir- 
idans, Staphylococcus aureus, Staphylococcus albus, Micrococcus catar- 
thaiis, Vincent’s spirillae and other organisms. 

Bone marrow obtained by punctures of the sternum in cases 5 and 7 
showed a marked increase in eosinophils. Blood cultures were sterile in 
every case in which they were made (cases 4, 5, 6, 7 and 8). 
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The blood counts were characterized by the number of leukocytes, 
ranging from a minimum of 7,000 to a maximum of 40,000, and by the 
percentage of eosinophils, ranging from 7 to 84 (table). The pleural 
and peritoneal fluids were sterile on culture; the specific gravity was 
1.015, and the eosinophil content varied from 85 to 100 per cent. 

The bacteriologic studies of washings from the sinuses disclosed the 


following organisms: Staphylococcus aureus haemolyticus, in case 1; 

















Fig. 10 (case 8)—Subcutaneous nodule. <A, periarteritis nodosa completely 
involving a vessel wall; B, eosinophils. 


Staph. aureus, Staph. albus and Str. viridans, in case 5, and Staph. 
aureus and Staph. citreus, in case 6. The results of cultures in the rest 
of the cases were not available (table). 


COMMENT 


Pulmonary Lesions—An analysis of the character of the pulmonary 
lesions displayed by these patients disclosed that they were insidious 
in onset, migratory in nature, miliary and interstitial in distribution 
and occasionally exudative (cases 1 and 8), simulating tuberculcsis. 
They were accompanied by temperatures ranging between 100 and 
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102 F., cough, asthma and eosinophils in the sputum. Often the pul 
monary lesions were not detected by physical examination, and their 
presence was discovered by roentgen ray examination only. Cases in 
which there were fugitive pulmonary signs without asthma have been 
previously recorded by Loffler,? Engel,’ Rohner,’ Wernli-Haessig,' 
Gsell ** and others. Similar pulmonary manifestations were reported by 
Cole and Korns ** under the name of “visceral manifestations of angio- 
neurotic edema” and by Vaughan and Hawke ** under the title of “angio- 
neurotic edema with some unusual manifestations.” The latter authors, 
as well as Cole and Korns, concluded that in the cases they reported the 
pulmonary lesions were expressions of a more or less disseminated 
“angio-neurotic” edema due to foods. The absence of asthma in the 
majority of the cases reported indicates that inflammatory reactions 
in the lungs due to allergy may occur independently of bronchial asthma, 
a fact which has been proved experimentally by Fried ** and by others. 

The cases here reported differed from those of Loffler in the more 
prolonged duration of the infiltrations and the presence of large effusions 
which had to be aspirated. While the exact nature of the pulmonary 
lesions in these cases cannot be fully established, the probability is that 
they represent hyperergic forms of response in which the interalveolar 
capillaries, the larger vessels and the associated mesenchymal structures 
participated. The resultant interstitial edema and cellular infiltration 
could therefore account for the peculiar appearance in roentgenograms. 

In support of this view the following arguments may be offered: 

1. The shadows in the roentgenograms lacked the homogeneous 
character of those produced in cases of pneumonia. 2. Their miliary and 
interstitial appearance suggested a hematogenous rather than an alveolar 
distribution. 3. Their fluctuation in extent and duration with the appear- 
ance and termination of the asthmatic paroxysm and the eosinophilia of 
the sputum and blood, present in 6 out of the 8 cases, suggested not 
only a reversibility common to allergic vascular reactions, such as 


7. Loffler, W.: (a) Zur Differential-Diagnose der Lungeninfiltrierungen; 
tiber fliichtige Succedan-Infiltrate mit Eosinophilie, Beitr. z. Klin. d. Tuberk. 
79:368, 1932; (b) Die fliichtige Lunginfiltrate mit Eosinophilie, Schweiz. med. 
Wehnschr. 66:1069, 1936. 

8. Engel, D.: Zur Frage des anaphylaktischen Friihjahrs6dems der Lunge, 
Beitr. z. Klin. d. Tuberk. 89:323, 1937. 

9. Rohner, H., in discussion on Lé6ffler.7> 

10. Wernli-Haessig, A., in discussion on L6ffler.7> 

11. Gsell, O., in discussion on Léffler.7> 

12. Cole, J., and Korns, H. M.: Visceral Manifestations of Angio-Neurotic 
Edema, J. Allergy 5:347, 1933. 

13. Vaughan, W. T., and Hawke, H. K.: Angio-Neurotic Edema with Some 
Unusual Manifestations, J. Allergy 2:125, 1931. 

14. Fried, B. M.: Allergic Inflammation of Lungs, Arch. Path. 18:865 (Dec.) 
1934. 
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urticaria, but also the participation of a common allergic excitant. 
Moreover, as noted previously, the development of hyperergic vascular 
lesions in the skin concurrently with those in the lungs, consisting of 
hemorrhagic necrosis in case 4+ and purpura, urticaria and angioneurotic 
edema in cases 5, 6, 7 and 8, as well as periarteritis nodosa in case 8, 
gives additional support to the concept that the pulmonary reaction 
might be of a similar character. At autopsy, sections of the lungs of 
the patient in case 8, aged 38, disclosed thickening of the small vessels. 
Whether this represented the remains of allergic inflammatory reaction 
which did not progress to periarteritis nodosa, such as was seen in the 
vessels of the heart and liver in this case, is a matter for conjecture. 
Thickening of the pulmonary vessels in cases of long-standing asthma 
in which there was no manifest hyperergic vascular disease has been 
previously reported by Kountz and Alexander.’® In a patient aged 11 
whose case was recently described by Danziger,’® with a clinical picture 
identical in every respect with that in case 8 in this series, eosinophilic 
arteritis of the pulmonary vessels and infiltration of the interalveolar 
septums with eosinophils, lymphocytes and polymorphonuclear cells, as 
well as fibrosis, were found post mortem. The rest of the organs showed 
widespread periarteritis nodosa. It is evident, therefore, that changes 
in the vascular structures of the lungs or other organs in persons with 
asthma do not vary with the age of the patient but are related to the 
tempo of the allergic process. In Danziger’s patient a subcutaneous 
injection of a minute quantity of vaccine prepared from sinus washings 
containing Staph. aureus precipitated acute signs of infiltration in the 
lungs within twenty-four hours, as well as generalized purpura. In 
case 6 of this series 0.02 cc. of a 1: 100,000 solution of a vaccine con- 
sisting of a mixture of Staph. aureus A, M. catarrhalis and Streptococcus 
nonhaemolyticus induced severe asthma and a generalized shock each 
time such a dose was injected. Such results signify not only that 
bacterial allergy exists but also that the blood vessels are the major 
shock tissue. 

These observations suggest that the pathogenetic factors underlying 
the bronchial asthma in the cases studied consist of allergic reactions 
in the blood vessels as the basic shock tissue. It may be conceived that in 
cases of simple uncomplicated asthma such responses may be relatively 
mild and limited to the bronchi, under which circumstances the roentgen 
ray examination will show nothing abnormal. In cases in which the 
allergic process is intensified in degree as well as in extent, as in the 
cases under discussion, hyperergic reactions may ensue and embrace 


15. Kountz, W. B., and Alexander, H. L.: Death from Bronchial Asthma, 


Arch. Path. 5:1003 (June) 1928. 
16. Danziger, J.: Personal communication to the author. This case is being 
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the vessels not only of the bronchi but also of the pulmonary parenchyma. 
Sensitization of these vessels results in increased permeability and 
edema. The elaboration of histamine-like substances involved in the 
allergic reaction, according to current teaching, plus the inflammatory 
eosinophilic exudate which infiltrates the musculature of the bronchi, 
probably accounts for the so-called muscle spasm. Histamine is known 
to produce spasm of smooth muscle experimentally. In cases of bron- 
chial asthma of long duration the additional labor imposed on the 
bronchial musculature in expelling the air and the increased amount 
of viscid secretions from the inflamed bronchi may be regarded as being 
responsible for the muscular hypertrophy described by Huber and 
Koessler.'* 

Cardiac Manifestations.—The participation of the heart was recog- 
nized by changes registered in the electrocardiograms. They were in the 
nature of abnormalities in the deflections and amplitudes of the P waves, 
T waves and ORS complexes, which were noted in 6 patients (cases 
3, 4, 5, 6, 7 and 8). The alterations were accompanied by enlargement 
of the right and left ventricles in 2 patients (cases 5 and 8), of the right 
ventricle alone in 2 patients (cases 6 and 7) and of the left ventricle 
alone in 1 patient (case 4). It is significant that the electrocardiographic 
aberrations disappeared with the recession of the asthmatic paroxysms 
(figs. 1, 2 and 3), the associated acute pulmonary infiltrations and the 
serous effusions. That these abnormal electrocardiographic changes 
were not dependent on the pleural effusions was evidenced by their 
appearance in the absence of or prior to the development of fluid (cases 
3, 5 and 6). Their independence of the administration of epinephrine 
was likewise exemplified in case 5 by their reversion to the normal state 
with the termination of a major asthmatic paroxysm in spite of the con- 
tinuous subsequent use of this drug for persistent wheezing. Moreover, 
in the average patient with asthma repeated administration of therapeutic 
doses of epinephrine for prolonged periods does not produce such electro- 
cardiographic changes. That the deviations were not the result of 
respiratory anoxemia was noted by their persistence during intervals 
when the patient was free of asthma (cases 4, 5, 6, 7 and 8). During 
such periods symptoms in other shock tissues, such as skin (case 4), 
pericardium (case 5) and peritoneum (cases 6, 7 and 8), developed. 
The allergic character of these manifestations was suggested by the 
finding of perivascular eosinophilic infiltrations in biopsies of the skin 
in cases 4, 7 and 8 and the occurrence of a high percentage of eosinophils 
in the exudates of the various serous membranes involved. Inasmuch as 
the presence of eosinophils implied increased permeability of the capil- 
laries which permitted their migration from the blood stream, it signified 


17. Huber, H. L., and Koessler, K. K.: The Pathology of Bronchial Asthma, 
Arch. Int. Med. 30:680 (Dec.) 1922. 
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the active participation of these vessels in the allergic response. This 
led to the inference that the coincidental electrocardiographic deviations 
were probably likewise brought about by similar reactions in the 
coronary vessels. Their reversibility or irreversibility was regarded 
as dependent on the individual degree of hypersensitiveness, the extent 
and duration of the vascular reaction and the injury to the myocardium 
sustained from the resulting ischemia. Proof of this was adduced in 
case 8 of this series, as well as in Danziger’s case previously referred 
to, in both of which autopsies were done. Postmortem examination of 
the hearts in these cases showed varying degrees of hyperergic vascular 
disease involving the pericardium and the coronary vessels, progressing 
to the stage of periarteritis nodosa. The recently published cases by 
Clark and Kaplan ** of “serum carditis” in which autopsies were per- 
formed four and nineteen days, respectively, after serum sickness help 
to elucidate the concept that various degrees of allergic reactions may 
occur in the coronary vessels as a result of sensitization. Microscopic 
studies of the hearts in these cases disclosed “necrotizing arteritis and 
periarteritis of the small coronary arteries,” in addition to histologic 
changes in the mural and valvular endocardium, as well as in the aorta 
and the pulmonary vessels. Inasmuch as the lesions resembled those 
found in cases of protracted anaphylaxis induced in animals by admin- 
istration of foreign serum, the authors inferred that the alterations in 
the hearts of their patients were probably of a hyperergic nature and 
were related to the foreign serum administered. 

Recent experimental work by Wilcox and Andrus *® adds further 
support to the foregoing clinical observations. ‘These investigators were 
able to demonstrate, by using direct leads from the isolated perfused 
hearts of guinea pigs sensitized to horse serum, various electrocardi- 
ographic abnormalities usually associated with mechanical constriction 
of the coronary arteries on exposure to small amounts of homologous 
antigen. The deviations consisted of acceleration of the heart rate and 
alteration in the amplitude of contraction. The PR interval was pro- 
longed, and there were changes in the form of the ORS and T complexes, 
as well as ectopic rhythms. They were also able to show that these 
changes were due to actual alterations in caliber of the coronary vascular 
system and not to an increase in heart rate or muscle tonus. 

Serous Membranes.—Coincidentally with the previously noted pul- 
monary and cardiac changes, symptoms pointing to the participation 
of the serous membranes, which according to Eppinger *° implies capil- 


18. Clark, E., and Kaplan, B. I.: Endocardial, Arterial and Other Mesen- 
chymal Alterations Associated with Serum Diseases in Man, Arch. Path. 24:458 
(Oct.) 1937. 

19. Wilcox, H. B., and Andrus, E. C.: Anaphylaxis in the Isolated Heart, 
J. Exper. Med. 67:169, 1938. 

20. Eppinger, H.: Die serdse Entziindung, Berlin, Julius Springer, 1935. 
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lary disease, presented themselves as follows: In cases 1, 2 and 4 the 
pleura alone was involved; in case 5 the pleura and pericardium; in 
case 6 the pleura and peritoneum and in cases 7 and 8 the pleura, peri- 
cardium and peritoneum. 

The simultaneous involvement of the pleura and the pericardium in 
case 5 was followed by a so-called superior mediastinal syndrome. This 
was characterized by high venous pressure, distention of veins in the 
neck, mediastinal pleuritis, pericarditis, gallop rhythm and electrocardi- 
ographic changes. All of these signs subsided after three weeks. During 
this episode, the dominant symptom asthma disappeared, only to return 
in full force after the cardiac manifestation had terminated. 

The reverse was true in cases 7 and 8. In both of these cases the 
patients ran the gamut of allergic responses during their stay in the hos- 
pital. In case 8 the first stage was characterized by hyperergic phenom- 
ena in the lungs, pleura, joints, skin and superficial vessels. These were 
expressed clinically as bronchial asthma with pulmonary infiltrations, 
pleural effusions, polyarthritis, polyneuritis, urticaria, angioneurotic 
edema and periarteritis nodosa of superficial vessels. The patient 
improved for a short while, during which time the periarteritic nodules 
disappeared. This marked the reversible phase of his illness. A second 
period, which may be designated as the irreversible stage, ensued, 
dominated by the clinical picture of chronic or fixed constrictive 
pericarditis. This was characterized by progressive cardiac failure, 
permanent electrocardiographic changes indicating severe myocardial 
damage, pericarditis, mediastinitis, ascites and progressive enlargement 
and tenderness of the liver, which was diagnosed intra vitam and was 
proved at autopsy to be due to amyloidosis. In the light of the gen- 
eralized allergic reactions in this patient, the intercurrent amyloidosis 
may be explained as a phenomenon of hypersensitiveness mediated by 
the same allergenic stimulation as that responsible for the entire clinical 
picture. That protein sensitization may be the cause of amyloidosis has 
been proved by Kuczynski** and confirmed by Smetana,** Jaffeé,** 
Domagk,”4 Letterer?® and Grayzel, Jacobi, Warshall, Bogin and 


21. Kuczynski, M. H.: Edwin Goldmanns Untersuchungen itiber cellulare Vor- 
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185, 1922. 

22. Smetana, H.: Experimental Study of Amyloid Formation, Bull. Johns 
Hopkins Hosp. 37:383, 1925. 

23. Jaffé, R. H.: Amyloidosis Produced by Injection of Proteins, Arch. Path. 
1:25 (Jan.) 1926. 

24. Domagk, G.: Untersuchungen iiber die Bedeutung des retikuloendothelialen 
Systems fiir die Vernichtung von Infektionserregern und fiir die Entstehung des 
Amyloids, Virchows Arch. f. path. Anat. 253:594, 1924. 

25. Letterer, E.: Studien iiber Art und Entstehung des Amyloids, Beitr. z. 
path. Anat. u. z. allg. Path. 75:486, 1926. 
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Bolker,2* who employed bacterial proteins as well as gelatin, egg 
albumin, nuclein and peptone in the experimental production of 
amyloidosis in various mesenchymal tissues. With the advancing 
anasarca resulting from cardiac failure, on the one hand, superimposed 
on the existing hypoproteinemia and allergic polyserositis, on the other, 
a third and final phase, the stage of anergy, ensued. In this phase, while 
the patient was bereft of all mechanisms of defense, the onset of acute 
pneumonia brought the clinical course to a swift and fatal termination. 

Although no evidence of periarteritis nodosa, such as was obtained 
in case 8, could be adduced during life in case 7, the patient in this case 
presented a clinical picture identical with the one just described. It 
included chronic sinusitis, asthma with marked eosinophilia, adhesive 
pericarditis, eosinophilic peritonitis, enlargement of the liver, purpura, 
urticaria, angioneurotic edema, polyarthritis, polyneuritis and, finally, 
cardiac failure associated with signs of constrictive pericarditis. Biopsy 
(fig. 8) of material from a purpuric lesion of the skin of this patient 
showed subepidermal edema and perivascular and perineural infiltration 
with eosinophilic leukocytes but no distinct involvement of the vessel 
walls themselves. In this case, as well as in case 8, the polyneuritis 
could in all probability be explained on the basis of such a perineural 
edema and infiltration, while the fugitive polyarthritis was probably due 
to similar reactions in periarticular vessels. The perivascular eosinophilic 
infiltrations were identical with those observed in some of the areas of 
the sections of the periarteritic nodule removed for biopsy in case 8 
(fig. 9). They also resembled in histologic appearance the urticarial 
wheals experimentally produced by injection of an allergen, such as 
ragweed or tobacco, into the skin of persons sensitive to these substances. 
It may be argued, therefore, that they represented reactions of hyper- 
sensitiveness to allergenic stimulation and, together with the rest of the 
symptoms, were expressions of a generalized mesenchymal response in 
which sensitized blood vessels and capillaries played the cardinal role. 
On the basis of these observations the following hypothesis seems 
reasonable. 

Just as asthma may be regarded as a manifestation of sensitization 
of the blood vessels and of other mesenchymal structures in the lung, so 
might the symptom complex of mediastinopericarditis (case 5) or con- 
strictive pericarditis, noted in the early stages in cases 7 and 8, represent 
the sequelae of allergic responses in the vessels of the serous membranes 
of the pericardium, mediastinal pleura and myocardium. Since the 
progressive involvement of the visceral pleura and peritoneum in the last 
2 cases mentioned led to the clinical picture of polyserositis, it follows 
that this syndrome, being merely the result of extension of the underlying 


26. Grayzel, H. G.; Jacobi, M.; Warshall, H. L.; Bogin, M., and Bolker, H.: 
Amyloidosis: Experimental Studies, Arch. Path. 17:50 (Jan.) 1934. 
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allergic process to other serous membranes in the same persons, must 
also be regarded as an expression of sensitization. It is therefore sug- 
gested that polyserositis occurring in persons without a frank allergic 
background or the tendency to eosinophilia may likewise represent hyper- 
sensitiveness of serous membranes in nonatopic persons to some funda- 
mental infection. Thus, for example, the polyserositis associated with 
tuberculosis may be an expression of allergic reaction to the tubercle 
bacillus. To this category may also belong the 2 cases reported by 
Loffler *7 of so-called Pick’s syndrome, of unknown cause, in which 
during life in spite of a negative history of allergy the patients had 
eosinophilia, with an eosinophil count of 70 per cent and a total leuko- 
cyte count of 18,000. Autopsy disclosed obstruction to the inflow tract 
in the right ventricle caused by fibrinoplastic endocarditis of undeter- 
mined origin. 

The presence of eosinophilia in Loffler’s patients aids in their identi- 
fication as members of the allergic group, even though the picture of 
Pick’s syndrome which they presented was the result of a mechanical 
obstruction due to the lesion in the endocardium rather than to gen- 
eralized active participation of the serous membranes. Absence of 
eosinophilia, however, need not exclude a given case from being placed 
under the rubric of allergy pgovided the pathogenesis of the presenting 
symptoms is similar to that which obtained in the cases described in 
this report. 

The contrast between a clinical course which is subject to allergenic 
stimulation and one which follows direct bacterial invasion is well 
illustrated by case 6. In this case an inflammatory reaction in a 
mesenteric vessel, presumably on a hyperergic basis, brought about 
thrombosis and infarction of the intestinal wall followed by perforation. 
The consequent direct bacterial invasion of the peritoneum caused 
suppurative peritonitis. A relative state of anergy supervened, and the 
patient’s condition became alarming. The eosinophils disappeared com- 
pletely from the peritoneal fluid, as well as from the peripheral circula- 
tion. Culture of the ascitic fluid showed Bacillus coli, enterococci and 
Bacillus proteus. The peritoneal suppuration became localized, and an 
abscess formed, with a fistulous opening, through which subsequently 
drained malodorous pus containing various unidentified gram-positive 
and gram-negative cocci and bacilli, B. coli, Salmonella paratyphi 
and Salmonella schottmilleri. Blood transfusions brought about 
improvement in the patient’s condition, and eosinophils began gradually 
to reappear. Throughout this stormy period the bronchial asthma was 
in abeyance. The abscess gradually healed, and the patient was dis- 
charged. A. the time of his departure from the hospital (November 


27. Léffiler, W.: Endocarditis parietalis fibrinoplastica mit Bluteosinophilic, 
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1035) he had no asthma and the blood count showed 9,100 white cells, 
with 64 per cent polymorphonuclear leukocytes and 24 per cent lympho- 
cytes, but no eosinophils. One year later, after the abdominal fistula 
had closed, the asthma returned. The patient’s subsequent departure 
from the United States precluded further observations. The findings 
in other cases in this series, however, such as in case 5, in which 
eosinophils dropped from a maximum of 55 per cent during the acute 
paroxysms to 15 per cent in intervals free of asthma, indicate that while 
these cells persist between acute attacks they become greatly reduced. 

Eosinophilia.—Variations in the values for eosinophils in the blood 
of allergic persons suffering from similar or different forms of hyper- 
sensitiveness are common. In many instances of asthma and other types 
of allergic disease, the eosinophil content of the peripheral circulation may 
not exceed the normal limits of 2 to 4 per cent. This does not exclude, 
however, the possibility of a concentration of eosinophils within the 
reacting shock organ. The marked eosinophilic infiltration of the walls 
of the bronchi repeatedly demonstrable post mortem in patients with 
asthma who had normal blood counts during life is evidence of this fact. 
Ina review of the findings of a number of investigators, Hunt ** recorded 
that the percentage of eosinophils in the blood of the average patient with 
asthma rarely rises above 5 to 9, with the total leukocyte count within 
normal limits. The remarkable rise in the total number of white blood 
cells to 40,000 and in the percentage of eosinophils to 50 in the peripheral 
circulation in the cases here described, paralleled by a concomitant increase 
in these cells in the bone marrow, as shown by the sternal punctures in 
cases 5 and 7, indicated that the hemopoietic tissues participated in the 
generalized allergic response. The bone marrow may therefore be 
regarded as a shock organ which may react under allergenic stimulation 
by multiplication of its cellular elements or by suppression, as exemplified 
by the picture of agranulocytosis in persons sensitive to various drugs 
and chemical substances. Marked eosinophilia accompanying bronchial 
asthma may consequently serve not only as a quantitative index of the 
degree of the allergic response but also as a diagnostic point for differ- 
entiation between asthma associated with a generalized mesodermal 
reaction in which the vascular system plays a prominent role and asthma 
confined to the bronchial tissues alone. 

Etiologic Agents and Course of Disease-——A review of the histories 
and the clinical findings in these cases indicates that the character, extent 
and duration of the course of the disease depended on the degree of 
susceptibility of the patient and on the nature and the number of sen- 
sitizing agents, as well as on the number and character of the shock 
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organs involved. Although remissions in the attacks without the influ- 
ence of any specific therapy were observed in cases 3, 4 and 5, the 
duration of such improvement was short and unpredictable. Success 
in therapy was proportional to the availability of means for controlling 
the various factors enumerated and eliminating the majors offending 
allergens. This was feasible in case 1. The close correlation in the 
seasonal appearance of the pulmonary manifestations and the _polli- 
nation periods of timothy and ragweed led to the conclusions, verified 
by positive cutaneous reactions, that these pollens were of major 
etiologic importance in producing the symptoms in this case, while 
the sinus infection was of secondary concern. Washing the sinuses 
till the returned fluid was clear and perennial immunization with 
the incriminating pollens, together with elimination of foods to which 
the patient was found to be sensitive, have resulted in freedom from 
attacks for the past three years. When, however, bacterial allergy 
dominated the clinical picture, as in cases 2 and 6, immunization with 
pollen to which the patients were found sensitive proved to be ineffec- 
tive in preventing attacks. As noted previously, an attempt by his 
physician to immunize 1 patient (case 6) with an autogenous vaccine 
failed because he was so sensitive to the bacteria contained therein 
that each injection produced a violent systemic reaction terminating 
in asthma and shock. As a consequence the patient refused further 
treatment. Subsequent operations on his sinuses proved equally futile 
in preventing recurrences of asthmatic attacks. In case 5 injections 
of a vaccine containing Staph. aureus A, isolated from the sinuses, 
also were found to be ineffective. The lack of success in this case may 
have been due to the fact that the recovered micro-organisms were 
merely secondary surface bacteria and not the primary exciting agent. 
The latter, according to Grove and Cook,?* are most apt to be culti- 
vated from mucous membranes removed from diseased sinuses at 
operation. 

Since asthmatic attacks in these and other cases are frequently 
ushered in by infections of the respiratory tract, in which viruses may 
play an important role, sensitization not only to the latter but also to 
the secondary invaders may come into question. Moreover, under 
such circumstances, in addition to sensitivity to bacterial proteins, 
sensitization to their toxins may also supervene. Thus in bacterial 
allergy one is confronted with the synergistic effects brought about 
by viruses, bacteria and toxins. How to deal with these various fac- 
tors, at the present stage of knowledge, is a complex problem. This 
accounts for the unsuccessful results with vaccine therapy in many 


29. Grove, R. C., and Cook, R. A.: Etiology and Nature of Chronic Hyper- 
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cases of the more serious forms of the disease. Whether under such 
circumstances the proper procedure consists in radical surgical treat- 
ment of the sinuses, as advocated by Cook, with the idea of eliminating 
an important focus of infection which may sensitize other organs is 
a question which deserves consideration. While this approach has 
beer. reported to be successful in the average case of uncomplicated 
asthma, the technical operative difficulties involved in some cases, 
coupled with the uncertainty that in the cases of the more sensitive 
patients with progressive disease, such as those previously described, 
the sinuses may not be the only sources of allergenic stimulation, militate 
against the unqualified success of surgical intervention. Thus, as indi- 
cated operations on the sinuses in cases 5, 6, 7 and 8 did not prevent 
recurrences of asthma. As a matter of fact, in the last 2 cases the 
patients were so ill on admission to the hospital that only sympto- 
matic therapy could be instituted. These unfavorable results may be 
explained on the ground that bacterial allergy, in contrast to simple 
controllable nonbacterial protein hypersensitiveness, may be reactivated 
not only by contact with homologous bacterial agents responsible for 
the initial sensitizing effect, but also, in the light of Shwartzman’s *’ 
observations, by heterologous bacteria and their toxins, as well as 
by antigen-antibody complexes of nonbacterial origin. This was exem- 
plified in case 4 of this series, recently discussed in a report by Har- 
kavy and Romanoff.** Such nonspecific effects, therefore, explain why 
every fresh “cold” or infection of the respiratory tract in patients with 
chronic sinal disease, or even in those whose sinuses have been pre- 
viously operated on, may be followed not only by recrudescence of 
asthma but by symptoms in other shock tissues present in the patient 
which are subject to the same allergenic excitants, such as the heart, 
the pericardium and the pleura. These reactions may occur simulta- 
neously or alternately with the asthmatic paroxysm, as illustrated in 
cases 5, 6, 7 and 8. In view therefore of the many complicating factors 
involved in dealing with manifestations of bacterial hypersensitiveness, 
therapy must be individualized. In the moderately sick patient treat- 
ment of diseased sinuses, control of inhalant and food allergens and, 
in special instances, autogenous vaccine therapy may be followed by 
favorable results. When dealing with cases of severe bacterial asthma, 
however, such as the cases herewith presented, a more conservative 
approach, such as change of environment to a warm, dry climate, offers 
the better outlook. This was found to be the solution in case 2 of 
this group, in which the patient has been free of asthmatic attacks and 
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pulmonary lesions during the past three years while living in Arizona. 
This result may be contrasted with that in case 6, in which the patient 
who also was well while in Arizona became seriously ill on returning 
to New York, in spite of extensive operations on the sinuses and 
symptomatic therapy. 

SUMMARY 

Eight cases, in 7 of which the patients suffered from typical bron- 
chial asthma and in 1 of which the patient had bronchospasm and 
cough, are reported. The exciting factors in 2 of these cases were 
identified as synergistic sensitization to pollen, foods and_ bacterial 
products, while in the remaining 6, bacterial allergy resulting from 
chronic sinal infections played the important role. 

The major attacks of asthma were associated with migratory inflam- 
matory interstitial lesions in the lungs, with eosinophils in the sputum, 
and also with reactions in the serous membranes characterized by pleural 
effusions in 6 cases and by peritoneal exudates and pericardial involve- 
ment in 3 cases. 

The aspirated fluids were sterile, and the eosinophil content ranged 
up to 100 per cent. 

The pericardial reactions took the form of acute pericarditis, which 
reverted to normal within three weeks in 1 case and progressed in 2 
others to a chronic adhesive stage. 

Coincidentally with the asthmatic attacks and with the pleuro- 
pulmonary involvements, there appeared electrocardiographic abnor- 
malities in the deflections and amplitudes of the T waves and the 
ORS complexes. These returned to normal with the termination of the 
asthmatic seizures in 4 cases and remained permanent in 2 cases; in 
the latter cases the patients ultimately died. 

Other important features were an increase in eosinophils in the 
blood in all cases, at times to 84 per cent; fugitive polyarthritis and 
polyneuritis in 3 cases; hemorrhagic necrosis in the thigh in 1 case, 
and urticaria, angioneurotic edema and purpura in 2 cases, in 1 of 
which subcutaneous nodules also developed. 

Biopsies of material from the cutaneous lesions and from a subcu- 
taneous nodule disclosed perivascular eosinophilic infiltrations. In 
addition, the subcutaneous nodule also showed areas of periarteritis 
nodosa. 

Bone marrow obtained by sternal puncture gave evidence of 
marked increase in the eosinophilic granulocytes. 

The occurrence of eosinophils in the sputum, in the serous exu- 
dates and in the perivascular infiltrations in the skin, associated with 
periarteritis nodosa in 1 case, implies active involvement with increased 
permeability of vessels of the lungs, serous membranes and cutaneous 
tissues. Thus it would seem reasonable to assume that the recurrent 
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interstitial pulmonary infiltrations revealed on roentgen ray examina 
tion, accompanied by the presence of eosinophils in the sputum, the 
eosinophilic exudates in the pleura and the electrocardiographic changes, 
were probably also due to vascular reactions in the respective tissues 
similar to those revealed by biopsies of the skin. 

In view of the fact that the asthmatic paroxysms ran a course parallel 
with that of the pulmonary lesions, they may be considered as symp- 
tomatic expressions of the underlying reactions in the vessels of the 
lungs and bronchi. Since these asthmatic seizures appeared simul- 
taneously with manifestations of altered vascular responses in other 
shock organs consequent on the same allergenic stimulation, they must 
be regarded as but one aspect of a more diffuse vascular and meso- 
dermal reaction. 

The fact that involvement of the vessels in the various serous 
membranes and the heart in this generalized response resulted in 1 
case in the clinical picture of mediastinopericarditis, which resolved 
completely, and in 2 cases in constrictive pericarditis and subsequently 
in polyserositis suggests that these syndromes were the sequelae of 
hyperergic vascular reactions in the serous membranes and the myo- 


cardium. 

The reversible electrocardiographic changes appearing concurrently 
with the asthma and the pleuropulmonary lesions in 4 of the cases 
were probably influenced by the same allergic mechanism. In 1 of the 


2 cases in which the electrocardiographic changes were irreversible, 
thickening of small arteries, arteritis and perivascular fibrosis were found 
in the myocardium at autopsy. 

The presence of eosinophils in the perivascular infiltrations observed 
in biopsies of the skin in cases 4 and 7, as well as in certain areas of 
the subcutaneous nodule examined in case 8, which likewise contained 
blood vessels in various stages of involvement progressing to periarte- 
ritis nodosa, testifies to the allergic nature of these vascular reactions and 
strongly supports the view that periarteritis nodosa represents a hyper- 
ergic vascular response. 

Demonstration of an increase in the percentage of eosinophils, as 
well as in the total number of white blood cells, in the bone marrow 
indicates that the marrow participated as a shock organ. 


CONCLUSION 
From the observations recorded here it may be inferred that 
the various manifestations under discussion represent responses in 
different organs in which primary sensitization of blood vessels plays 
the determining role. It is evident that in some patients (case 4) the 
resultant reactions of the pulmonary tissue may be expressed clinically 
as bronchitis and cough and in others by paroxysms of asthma. Either 
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the bronchitis or the asthma may disappear completely under causal 
therapy, without leaving any visible pathologic changes. This may be 
regarded as a reversible reaction characteristic of most of the simpk 
and readily controlled manifestations of hypersensitiveness. In the 
more severe types of polyvalent sensitivity, especially those in which 
bacteria assume a dominant, as well as synergistic, role in conjunction 
with other excitants, allergic inflammation in the various structures 
of the lung may become more extensive and profound insofar as it is 
augmented by the destructive effect of bacterial toxins (case 4). 

Not only the bronchi and other portions of the pulmonary tree, but 
the myocardium, the serous membranes, the joints, the skin and the 
nervous and hemopoietic systems may likewise be involved in the more 
generalized vascular reactions. Under such circumstances there arise 
distinct syndromes which also may be reversible or irreversible, the 
allergic nature of which may be recognized by the asthma and the 
eosinophilia. These syndromes are determined by the number, char- 
acter and variations in the combinations of the shock tissues affected. 
Thus, there may be a pulmonary-myocardial, a pleuropulmonary-myo- 
cardial or a pleuropulmonary-myopericardial response which will result in 
the picture of constrictive pericarditis. Finally, with the extension of 
reactions to all of the serous membranes, the characteristic symptoms 
of polyserositis become apparent. In the presence of these fundamentally 
allergic responses, disturbances in the dynamic aspects of the circulation 
are inevitable. Although these symptom complexes seem to be clinical 
entities, it should be emphasized that they are not of an essentially 
independent origin but are merely varying expressions of a state of 
hypersensitiveness. The identity in their basic mechanism, in spite of 
variations in the clinical pictures, supported by the pathologic lesions 
in the biopsy sections, especially in case 8, in which were seen gradations 
from simple perivascular eosinophilic infiltration (cases 4 and 7) to the 
full picture of periarteritis nodosa, suggests that 7 of the 8 cases reported 
here illustrate varying degrees of hyperergic vascular responses, the 
ultimate stage of which is represented in the periarteritis nodosa observed 
in case 8. They may be regarded as formes frustes or potential types 
of this disease. 
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PHILADELPHIA 


A clinical syndrome characterized by chronic hemolytic anemia asso- 
ciated with paroxysmal nocturnal hemoglobinuria was independently 
described by Marchiafava* in 1928 and Micheli? in 1931. Since then 
several investigators * have reported on the clinical manifestations of 
the disease, but its mechanism remained unknown until 1937, when 
T. H. Ham‘ demonstrated the nature of the factors responsible for the 
production of the hemolysis. 

In a recent article in this journal T. H. Ham °® made the first com- 
prehensive report on these factors. He demonstrated that the funda- 
mental abnormality in this disease resides in the red blood cells, and 
not in the serum. He showed that the red blood cells of patients with 
the disease were abnormally sensitive to slight changes in py. Lowering 
the pu, even within the physiologic range, always caused increased 
hemolysis, and raising the py reduced or eliminated the hemolysis. 

Ham also demonstrated the presence of a thermolabile factor essen- 
tial to this hemolytic mechanism which is present in all human serums 
but has no effect on normal erythrocytes. 


From the Medical Clinic of the Hospital of the University of Pennsylvania. 

* Edward Bok Fellow and Resident in Medicine, Hospital of the University of 
Pennsylvania. 
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He showed by in vivo studies that intravascular hemolysis occurs 
continuously in patients with this disease. The rate of hemolysis 
increased during sleep, and hemoglobinuria appears when the level oj 
free hemoglobin in the plasma exceeds the renal threshold. This 
threshold varies widely. 

Administration of acid salts to these patients produced a significant 
increase in the acidity of the peripheral arterial blood and was associated 
with a transient increase in the degree of hemogloebinemia. Conversely, 
the administration of alkaline salts or the production of alkalosis by 
hyperventilation was associated with a transient decrease in hemo- 
globinemia. 

The nocturnal increase in hemoglobinemia was shown to be asso- 
ciated with sleep and not with the patient’s posture, with ingestion oi 
food or with the time of day or night during which sleep occurred. It 
was felt probable that the increased intravascular hemolysis which occurs 
during sleep was related to an increase in the acidity of the blood, 
especially in areas of the body where circulation is relatively inactive 
during sleep, such as the spleen. Observations on the immunologic 
aspects of the disease have also been recently reported by the same 
author.® 

The clinical picture presented by patients with this disease is one of 
chronic hemolytic anemia which is in most cases, but not always, asso- 
ciated with hemoglobinuria following sleep. Frequently there is a mod- 
erate degree of splenic enlargement, but this is not present in all cases. 
Moderate leukopenia and thrombocytopenia, which tend to return to 
normal levels if a therapeutic splenectomy is performed, have been 
observed in most patients. The urinary excretion of the products from 
the breakdown of hemoglobin is not quantitatively comparable to the 
amount of available free hemoglobin in the circulating blood plasma. 
The concentration of urobilinogen and porphyrins in the urine is normal 
or only moderately elevated. Impaired renal function is observed in 
some cases.° 

The present article deals with a case in which the element of hemo- 
globinuria was inconspicuous and at times absent and in which applica- 
tion of the clinical and laboratory principles as outlined by previous 
investigators led to a definite diagnosis. A complete autopsy was 


performed. 
REPORT OF CASE 
History —A married white woman aged 46 was first admitted to the Universit) 
Hospital in June 1935 complaining of weakness, fatigue and recurrent attacks of 
jaundice during the one and one-half years prior to admission. Her past medical 


6. Ham, T. H., and Dingle, J. H.: Studies on Destruction of Red Blood 
Cells: II. Chronic Hemolytic Anemia with Paroxysmal Nocturnal Hemoglobi 
nuria; Certain Immunological Aspects of the Hemolytic Mechanism with Special! 
Reference to Serum Complement, J. Clin. Investigation 18:657, 1939. 
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istory was essentially without significance. On physical examination the skin and 
mucous membranes were pale and slightly icteric. The spleen was palpable. 
Laboratory studies showed macrocytic anemia, with 2,800,00 red cells per cubic 
millimeter, a hemoglobin concentration of 67 per cent, a cell volume index of 
1.05, a color index of 1.16, reticulocyte values of 9.5 and 11.5 per cent and leukocyte 
counts ranging from 3,400 to 4,900, with normal differential smears. The plate- 
lets numbered 230,000 per cubic millimeter. The red cells showed normal resistance 
to hemolysis by varying strengths of hypotonic solution of sodium chloride ; those of 
the other members of her family were likewise normal in this respect. The 
coagulation time of the venous blood was ten minutes, and the bleeding time was 
two minutes. A van den Bergh test gave a delayed direct reaction and an indirect 
reaction of 1.8 units. Examinations of the urine, including tests for urobilin and bili- 
rubin, repeatedly gave negative results. The diagnosis of atypical hemolytic anemia 
was made, and the patient was transferred to the surgical service for splenectomy. 
The spleen weighed 305 Gm. The surgical pathologic picture was not character- 
istic of any particular disease, and no definite histologic diagnosis was made. 
The patient made an uneventful recovery and after several transfusions was 
discharged. 

The patient was in fair health for six months following operation, except for 
several episodes of jaundice. However, toward the end of that period she began to 
have attacks of pain in the right upper quadrant of the abdomen, which were 
associated with occasional bouts of vomiting and postprandial distress of increasing 
severity. Because of these symptoms she returned to the hospital in January 1936. 
Laboratory studies again showed moderate macrocytic anemia with reticulocytosis 
and an indirect van den Bergh reaction. The osmotic resistance of her erythro- 
cytes was normal on several occasions. A cholecystogram showed a partially func- 
tioning gallbladder but no evidence of stones. Material obtained by duodenal 
drainage showed neither cholesterol nor calcium bilirubinate crystals. Because 
of her apparently poor response to splenectomy the possibility that she might have 
an accessory spleen was considered. Cholelithiasis was suspected because of its 
common association with chronic hemolytic anemia. An exploratory laparotomy was 
offered, but the patient refused surgical treatment and was discharged. 

Her symptoms persisted, and in May 1936 she was again admitted to the 
hospital. She was pale and cachectic. She had a spiking temperature and an 
elevated pulse rate. There were bilateral hydrothorax and ascites. Hematologic 
studies gave essentially the same results as on the previous admissions. Extensive 
laboratory and roentgenologic investigations failed to reveal any specific cause 
for her symptoms. Under supportive medical management, including paracenteses 
and transfusions, her condition improved, and at the time of discharge she was 
afebrile and asymptomatic and had reached her normal weight and hemoglobin 
level. 

The patient was not seen again for two years, and during that time she 
felt fairly well and was able to do her own housework. However, in August 1938 
she returned to the hospital because of increasing dyspnea on exertion and failure of 
her blood count to respond to therapy. On this admission there was anemia, with 
about 3,000,000 red cells per cubic millimeter and a reticulocyte response of 7.5 
per cent. Results of other studies of the blood and urine were the same as on 
previous admissions. The general physical examination showed nothing abnormal, 
and there was no evidence of reaccumulation of fluid in the serous cavities. She 
was given three blood transfusions and discharged. 

Her last admission, on Oct. 15, 1939, was occasioned by the development of 
a new group of symptoms in addition to those which had previously necessitated 
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her hospitalization. She stated that approximately one year before admission she 
first noticed pain in her back. This pain gradually increased in severity. Several 
weeks before admission it became sharply localized in the upper lumbar region 
and was associated with pain in both legs. On admission she was unable to hold 
herself erect and walked about supporting her trunk by grasping the upper portions 
of the thighs with her extended forearms. Roentgenographic studies of her spine 
showed a spontaneous fracture of the twelfth thoracic vertebral body, which the 
roentgenologists felt was due to tuberculosis. The consultant in orthopedics con- 
curred in the opinion that the patient had tuberculosis of the spine and suggested 
performing a Hibb fusion in an effort to stabilize the pathologic fracture. 

Because the history and accumulated laboratory data were consistent with a 
chronic hemolytic anemia in which the results of fragility tests were repeatedly nor- 
mal, it was felt by one of us (G. C. H.) that this patient’s condition might represent 
paroxysmal nocturnal hemoglobinuria of the Marchiafava-Micheli type. 

In a review of the hospital record of her past admissions no history of hemo- 
globinuria was found. Likewise, multiple urinalyses during these past admissions 
showed no trace of hemoglobin in the urine. However, on close questioning, the 
additional history was obtained that prior to the splenectomy the patient had 
noticed that her morning urine had frequently been very dark, but that during 
the four and one-half years since the operation she had passed dark urine only 
on three occasions. She had thought that the dark color was due to “blood” and 
stated that her physician examined her urine on those occasions but never found 
any red cells. She said that neither before nor after the splenectomy had she 
ever noticed any abnormalities in her urine, except in the first specimen in the 
morning. In the light of this additional history and the previous laboratory data, 
in vivo and in vitro studies were made which verified the diagnosis. These 
studies are described in the section on special diagnostic methods. 

With the patient under general anesthesia a Hibb fusion of the lower thoracic 
and the upper lumbar portion of the spine was performed. Except for postanesthetic 
hemoglobinuria, which will be described later, the patient’s postoperative course 
was uneventful until three weeks after the operation. At that time, as she was 
about to be allowed up, complete left hemiplegia developed. Her course thereafter 
was progressively downhill. Cystitis secondary to urinary retention and basal 
pneumonia developed, and the patient died on Jan. 23, 1940. Permission for 
necropsy was obtained. 

Necropsy Examination.—Gross Observations: Necropsy was performed six 
hours after death. The subject was poorly nourished, and the skin and mucous 
membranes were pale. Over the lower thoracic and upper lumbar portions of 
the spine there was an old surgical incision with a central area of nonunion, which 
contained yellowish gray seropurulent material. There was obvious atrophy of the 
left arm and leg. The serosal surfaces of the abdominal, pleural and pericardial 
cavities were covered with large, dense masses of old fibrous adhesions. 

The heart weighed 280 Gm. There were loose fibrous adhesions which almost 
obliterated the pericardial cavity; no tubercles or granulation tissue was found. 
The myocardium was fatty. The valves were normal. There was slight 
atheromatous streaking of the aorta and the major vessels. The lungs weighed 
240 Gm. each. Both pleural spaces were obliterated by dense fibrous adhesions. 
The lungs were intensely congested and moderately edematous. In the base of 
the lower lobe of the right lung there were a few small areas of deep reddish 
purple discoloration and increased resistance. There was no gross evidence of old 
or active pulmonary tuberculosis and there was no vascular thrombosis. 
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The liver weighed 2,500 Gm. There was dense fibrous perihepatitis. The liver 
was a dull, dark reddish brown and showed considerable variation in the distinct- 
ness of the lobular marking, as well as in the consistency of the tissue. A few of 
the large intrahepatic veins contained soft, friable thrombi, which were loosely 
adherent to the walls but did not occlude the lumens. The hepatic lymph nodes 
were enlarged, firm and loosely matted together, and their normal structure was 
replaced by a homogeneous, grayish yellow granular material. There were dense 
fibrous adhesions about an otherwise normal gallbladder. The pancreas, which 
weighed 125 Gm., was grossly normal. The spleen was absent. No splenuli were 
present. In the medulla of the left adrenal gland was a single delicately fibrous 
nodule. It was not encapsulated, measured 1.0 cm. in diameter and was yellowish 
gray. The right adrenal gland was normal. 

The left kidney weighed 200 Gm., and the right one 180 Gm. They were large, 
and their capsules stripped with increased resistance, exposing dark, mahogany- 
colored cortices. The kidneys were smooth except for a large, irregular, gray-based 
cortical scar in the upper pole of the right kidney. The cortices were thickened, 
possessed distinct vascular markings and were sharply demarcated from normal 
pyramids. The pelves and the renal arteries were grossly normal. The bladder 
was not remarkable. 

The failopian tubes and the ovaries were bound to the fundus of the uterus by 
dense fibrous adhesions, which contained many small, soft and pseudofluctuant 
nodules. Some of the nodules contained yellowish gray to green purulent matter, 
while others were filled with caseous material. The uterus was enlarged, and 
there was a single whorled, densely fibrous circumscribed nodule in the fundus. 
The endometrium of the cavum uteri was largely replaced by patches of pale yellow 
material that was cheesy and granular. The cervical endometrium was grayish 
pink, smooth and boggy. The cervix was boggy and about twice the usual size. 
The surface was dull, dirty reddish gray to green and possessed large and small 
superficial areas of ulceration and erosion. The vagina and external genitalia were 
normal. 

In the gastrointestinal tract a small esophageal diverticulum was adherent to 
the main left lower bronchus. The serosal surfaces of the stomach, small intestine 
and large bowel were covered with and bound together by moderately dense fibrous 
adhesions. The retroperitoneal nodes were enlarged and contained either caseous 
material or thick, creamy purulent matter. 

The brain weighed 1,080 Gm. At a point beneath the tip of the right temporal 
gyrus the middle cerebral artery was occluded by a large, firm, adherent mass of 
old blood, and that portion of the right cerebral hemisphere which was supplied 
by this artery was discolored, soft and mushy. 

The twelfth thoracic vertebra was collapsed, and in the region of this 
vertebra the spine was abnormally mobile. The remnants of the collapsed vertebra 
contained thick, creamy yellow purulent material. The bony trabeculae were soft, 
friable and necrotic. There was a soft swelling beneath the spinous ligaments 
with extension of the purulent material into the paravertebral soft tissues and 
beneath the head of the right psoas muscle. 

Microscopic Observations: In the heart there was an old, acellular fibrous 
thickening of the epicardium, and the myocardium was extensively infiltrated with 
fat. In the lungs there was an old, densely fibrous thickening of the pleura, which 
contained a few scattered lymphocytes and plasma cells. There were numerous 
small areas of fibrous septal thickening and alveolar replacement. Several of 
the large arteries and veins in and about these areas contained organized and 
recanalized thrombi. No histologic evidence of tuberculosis was found. 
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The liver showed an old fibrous thickening of the capsule. The lobular 
arrangement of the liver cells was normal. The liver celJs about the dilated and 
congested central veins were atrophied and fibrosed, while peripherally they were 
fatty. The sinusoids were dilated. The Kupffer cells were unusually prominent 
and contained large granules of golden brown pigment. The portal zones were 
moderately and diffusely infiltrated with lymphocytes, and though the small bile 
ducts were increased in number, their lining epithelium was normal and they con- 
tained no pigment. No portal fibrosis was observed. Sections stained for iron 
were remarkable because of the virtual absence of pigment giving a positive 
reaction for iron; only a rare Kupffer cell contained any iron pigment. In the 
pancreas the acinar and islet tissues were normal, but there was a slight increase 
in the interlobular connective tissue. A large interlobular vein contained an old 
and recanalized thrombus. Stains for iron gave negative results. In the left 
adrenal gland there was a large tubercle which had a central area of caseous 
necrosis and was surrounded by a broad zone of tuberculous granulation tissue 
containing several tuberculous giant cells. 

The glomerular tufts in the kidneys were compact, cellular and mildly fibrotic 
and almost filled the glomerular spaces. In a few of the glomeruli there were 
fibrous adhesions between the tufts and the capsule. The lining epithelium of the 
convoluted tubules and the ascending loops of Henle were packed with great masses 
of golden brown pigment. These tubules showed varying degrees of degeneration 
and desquamation of the epithelium, as well as focal areas of regeneration and 
metaplasia. The collecting tubules exhibited varying degrees of cellular edema 
and degeneration and were made conspicuous by the complete absence of pigment 
in their lumens or lining epithelium. Several small interlobular arteries and 
veins and a large artery in the right kidney contained old organized and recanalized 
thrombi. Distal to the thrombosed large artery there was severe ischemic fibrosis 
of the parenchyma. Both pelves were fibrous and infiltrated with chronic inflam- 
matory cells; in both kidneys there were small areas of healed pyelonephritis. 

The structure of the fallopian tubes was replaced by tuberculous granulation 
tissue and areas of caseous necrosis. The cervix and cervical mucosa were 
densely fibrous and severely ulcerated. All of these structures were infiltrated 
with chronic inflammatory cells, epithelioid cells and tuberculous giant cells. 

The para-aortic and hepatic lymph nodes were fibrocaseous and loaded with 
epithelioid and tuberculous giant cells. 

There was extensive fibrosis of the marrow of the collapsed vertebra with 
caseous necrosis of the bone and fibrous marrow. Other sections exhibited normal 
erythroid and myeloid activity. Megakaryocytes were noticeably reduced in size 
and number. 

SPECIAL DIAGNOSTIC METHODS 


Samples of the patient’s venous blood were drawn without hemostasis into a 
clean dry syringe and were immediately defibrinated with glass beads. A control 
sample of blood from a normal subject of the same blood group was treated 
in a like manner. Samples, measuring 10 cc., of the patient’s and of the normal 
defibrinated blood were equilibrated in tonometers with 90 per cent oxygen and 
10 per cent carbon dioxide at room temperature for fifteen minutes. These samples 
were then centrifuged at the same speed and the serum observed for hemolysis. 
The patient’s blood showed definite hemolysis, whereas the normal blood showed 
no hemolysis. 

Samples of the patient’s and the normal defibrinated blood were centrifuged 
and the cells and serum separated. The cells were washed three times with 
physiologic solution of sodium chloride and a 5 per cent suspension of cells in 
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the solution of sodium chloride prepared. Samples of 1 cc. of suspension of 
patient’s cells were centrifuged, the solution of sodium chloride discarded and 
the cells resuspended in 1 cc. both of patient’s serum and of normal serum. Samples 
of the suspension of normal cells were similarly suspended in patient’s serum and 
in normal serum. Another set of the four mixtures was prepared, differing only 
in that both the patient’s serum and the normal serum had been acidified by 
the addition of 0.05 cc. of third-normal hydrochloric acid to 0.95 cc. of serum 
before the cells were resuspended in these serums. All of the tubes were then 
incubated for one hour at 37.5 C. Mixing was assured by gentle rocking of the 
tubes every ten minutes. At the end of this period of incubation the tubes were 
centrifuged and the serum observed for hemolysis. None of the tubes containing 
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One cubic centimeter of a 5 per cent suspension of washed erythrocytes in physiologic 
solution of sodium chloride was centrifuged, the salt solution discarded and the erythrocytes 
resuspended in 1 cc. of serum. The acidified serum was made by adding 0.06 cc. of third- 
normal hydrochloric acid to 0.95 cc. of serum. Heat-inactivated serum was heated to 56 C. 


for 30 minutes. 
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normal cells showed hemolysis. All of the tubes containing patient’s cells showed 
hemolysis. The tubes containing acidified serum and patient’s cells showed con- 
siderable hemolysis; those containing unacidified serum and patient’s cells showed 
moderate hemolysis. This study was repeated, with the same results. 

These studies showed that the patient’s and the normal serum contained some 
factor necessary for hemolysis and that only the patient’s cells would be hemolyzed 
by this factor. It was also evident that the px of the serums affected the degree of 
hemolysis which was greater with the lower pu. 

Both the normal and the patient’s serum were heated to 56 C. for thirty minutes. 
Samples of acidified and unacidified heated serums were then added to the patient’s 
and to normal washed red cells. None of the mixtures caused hemolysis of either 
the patient’s or the normal cells. This test was interpreted as indicating that the 
substance responsible for the hemolysis of the patient’s red cells was thermolabile 
(table). 
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Though there was no history of hemoglobinuria following exposure to cold and 
even though the patient’s serologic reactions for syphilis were negative, the blood 
was studied for the presence of cold agglutinins by the Donath-Landsteiner test, 
as described by MacKenzie.?7 Th results were negative. Red cells of patients 
with the Marchiafava-Micheli syndrome may show slight to moderate hemolysis 
on standing alone and may, therefore, give a false positive Donath-Landsteiner 
reaction. To interpret the reaction as positive, it is essential that there be 
hemolysis of normal red cells by the serum of the patient being tested for cold 
agglutinins. This excludes the possibility of the hemolysis being due to abnormali- 
ties in the red cells themselves. 

Despite the confirmatory laboratory evidence obtained from these tests, which 
indicated that the hemolytic anemia was of the Marchiafava-Micheli type, the 
patient excreted urine that was entirely normal and that gave no reaction to 
benzidine during the first two weeks in the hospital. Accordingly, an in vivo 
attempt to produce hemoglobinuria was made by acidification with ammonium 
chloride. 

The patient was given 30 grains (1.94 Gm.) of enteric-coated ammonium 
chloride during the first twenty-four hours, but no hemoglobinuria occurred. Sixty 
grains (3.88 Gm.) was given during the next twenty-four hours, and at the end 
of this period the morning urine was rich chocolate-brown and gave strongly 
positive reactions with benzidine in dilutions as low as 1:10,000. This urine 
contained no red cells. 

Although no further ammonium chloride was given, the patient continued to 
excrete hemoglobin in her morning urine for two weeks. During this period 
fractionated specimens of urine collected from 9 a. m. to 9 p. m. were benzidine 
negative, whereas those collected from 9 p. m. to 9 a. m. were always benzidine 
positive. Attempts were made to induce long periods of sleep during the daytime 
so that a specimen of urine might be studied on her awakening, but these were 
unsuccessful. 

During the entire twenty-four hour period following the ether anesthesia inci- 
dent to her operation, the patient showed hemoglobinuria, which, however, on the 
succeeding days occurred only in the morning samples. Again, the hemoglobinuria 
continued for two weeks. 

After both the induced and the postanesthetic bout of hemoglobinuria, the 
patient’s blood showed a drop in hemoglobin concentration of 10 to 15 per cent 
and an increase in reticulocytes from a previous level of 5 to 7 per cent to one of 
15 to 24 per cent. 

Transfusions of 500 cc. of citrated blood were resorted to in order to maintain 
the patient’s hemoglobin level. Slight to mild hemoglobinuria usually followed 
these transfusions. 

COMMENT 


This patient’s condition is an example of the so-called atypical hemo- 
lytic anemias, which until recently did not accurately fit into any known 
classification. 

Two outstanding features of this case need emphasis. The first is 
the presence of normal red cell fragility on repeated occasions. This 
phenomenon was the only factor which militated against the diagnosis 
of hemolytic icteroanemia. In the past it has always been unexplained 
and the lack of knowledge of its significance expressed by prefixing the 
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adjective “atypical.” With the description of this new syndrome, many 
cases of this “atypical” form can be explained. Thus, in the case of a 
patient who presents the clinical picture of hemolytic icteroanemia except 
for the presence of normal red cell fragility other types of chronic hemo- 
lytic anemia must be sought. 

This necessity leads directly to the second point. Hemoglobinuria 
is not essential to the diagnosis of the Marchiafava-Micheli syndrome. 
Ham has shown that chronic intravascular hemolysis occurs in these 
patients which may vary in severity over a period of months. This 
produces hemoglobinemia, or free hemoglobin in the plasma. Hemo- 
globinuria does not occur until the level of free hemoglobin in the 
plasma exceeds the renal threshold, which Ham found was usually 
above 30 mg. per hundred cubic centimeters. Thus the rate of hemol- 
ysis and, in consequence, the level of free plasma hemoglobin determine 
the presence or absence of hemoglobinuria. It is important to note that 
the intravascular hemolysis has been shown to occur throughout the 
entire twenty-four hours and is merely exaggerated by sleep. Obviously, 
then, the nocturnal occurrence of hemoglobinuria, associated with sleep, 
is a counterpart of increased nocturnal intravascular hemolysis. For 
these reasons we concur in the suggestion of Ham that the descriptive 
name of this disease should more properly be chronic hemolytic anemia 
with paroxysmal nocturnal hemoglobinemia. In this way the emphasis 
on hemoglobinuria will be reduced. 

The effect of splenectomy on this hemolytic mechanism is important 
from both the diagnostic and the theoretic standpoint. This case 
exemplified both elements. Before splenectomy hemoglobinuria occurred 
fairly frequently. After splenectomy dark urine was passed only three 
times during a four and one-half year period. The absence of hemo- 
globinuria undoubtedly postponed the making of a correct diagnosis. In 
this way the true diagnosis of the condition in patients who are sub- 
mitted to splenectomy under the mistaken diagnosis of “‘atypical hemo- 
lytic icteroanemia” may be made more difficult. 

The effect of splenectomy on the hemolytic mechanism in this dis- 
ease is still discussed on theoretic grounds but deserves attention. 

Lowering of the py of the peripheral bleod during sleep has been 
observed by several workers,*® and the increase in hemolysis due to 
slight changes in py of the cells of patients with Marchiafava-Micheli’s 
disease has been shown. It is felt that the changes in py exhibited 
by the peripheral blood do not necessarily reflect the shift in py in other 
regions of the body where the circulation is less active. The spleen 
is designated as a “stasis” organ, and changes in py in the blood in this 


8. Hastings, A. B., and Eisele, C. W.: Diurnal Variations in Acid-Base 
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area may be much greater than in the faster circulating peripheral blood. 
In 1 case reported by Ham * the nocturnal element of the hemoglobinuria 
was noticeably diminished by splenectomy. In the case here reported 
there was a similar reduction in hemoglobinuria following splenectomy. 

From a therapeutic standpoint, however, the fundamental abnor- 
mality of the red blood cells and the degree of anemia were not altered 
by splenectomy in 2 cases reported by Ham, as well as in our case. 

Unexplained thrombocytopenia and leukopenia have been observed 
as fairly characteristic of this disease picture, whereas after splenectomy 
the platelet and leukocyte counts usually return to normal levels.? The 
findings were similar in this case. 

The diagnosis of this disease in the presence of frank hemoglobinuria 
is less difficult than when hemoglobinuria is absent or infrequent. In 
either case the absolute diagnosis depends on laboratory studies as out- 
lined under the section on special methods. The patient’s red blood 
cells must be shown to be abnormally sensitive to slight changes in px, 
and the absence of any hemolytic factor for normal cells in the patient’s 
serum or plasma must be demonstrated. The production of hemo- 
globinuria by the administration of acid salts to those patients who do 
not show hemoglobinuria when first seen is dramatic but not without 
certain dangers. A period of increased hemolysis may be started which 
may not subside promptly. This was shown in our patient, who had 
nocturnal hemoglobinuria for two weeks after acidification, with a 10 
per cent drop in the hemoglobin of the blood and considerable increase 
in reticulocytes. This procedure is not essential to the diagnosis, as 
already discussed. The in vitro studies, however, are essentially 
harmless. 

No satisfactory therapeutic measure has as yet been found. The 
administration of alkaline salts was found to reduce the degree of hemo- 
globinemia while it was continued. On withdrawal of this therapy pro- 
longed and severe hemoglobinemia and hemoglobinuria occurred.® 

Splenectomy may reduce the frequency and severity of the hemo- 
globinuria, but it has not been possible to show, as yet, any reduction 
in the chronic intravascular hemolysis or the degree of anemia following 
this procedure. 

In 1938 Scott, Robb-Smith and Scowen ’° reported 2 cases of this 
disease and reviewed the pathologic observations in 7 of 28 cases collected 
from the literature. In their own cases and in those collected from the 
literature, they observed that the principal pathologic features consisted 
of vascular thromboses, hepatomegaly with central zonal necrosis, slight 
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splenomegaly, with little deviation from normal hyperplastic bone 
marrow of an orthoplastic type, and hemosiderosis of an unusual dis- 
tribution. The hemosiderosis was largely confined to the kidney, spe- 
cifically to the convoluted tubules and the ascending loops of Henle; 
only traces of blood pigment were present in the other organs. Our 
findings are in accord with these observations. 

The principal histopathologic features in our own and in other cases 
can be attributed to the effect of prolonged hemoglobinemia and vascular 
thromboses. Though fibrosis, thrombosis and hemosiderosis are fre- 
quent features of this disease, the histopathologic picture is not 
pathognomonic of the Marchiafava-Micheli syndrome. The tendency 
toward the development of vascular thrombi in patients with this dis- 
ease was prominently displayed in this case and, as exemplified by the 
occlusion of the right middle cerebral artery, was directly responsible 
for the patient’s death. 

The patient’s secondary disease was tuberculosis, and in view of the 
autopsy findings, it is probable that many of her earlier signs and symp- 
toms (fever, asthenia, sweats, loss of weight and effusion into the 
serous cavities) can be attributed to an active phase of this infection. 
It is felt, however, that the tuberculosis was incidental to her primary 
disease and was of no etiologic significance. In no other case of this 
disease with autopsy has tuberculosis been shown. 


SUMMARY 


A patient with chronic hemolytic anemia was proved to have the 
Marchiafava-Micheli syndrome of paroxysmal nocturnal hemoglobi- 
nemia, despite the infrequent occurrence of the usual nocturnal hemo- 
globinuria. 

This diagnosis was made possible by special in vitro diagnostic 
methods, described by a previous writer, which revealed the abnormal 
sensitivity of the patient’s red blood cells to slight changes in py, such 
as occur during sleep. 

Splenectomy was again shown to have no influence on the course or 
degree of the anemia but it did reduce the frequency and severity of 
the hemoglobinuria. 

A complete necropsy revealed little other than the usual multiple 
vascular thrombi and histopathologic changes which can be attributed 
to the prolonged hemoglobinemia. 
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THE PRESENT STATUS OF NICOTINIC ACID 


V. P. SYDENSTRICKER, M.D. 
AUGUSTA, GA. 


During the two and a half years which have elapsed since Elvehjem 
and his associates’ demonstrated the nutritional significance of nico- 
tinic acid, much progress has been made in the clinical application of 
their discovery and much better insight into certain deficiency states has 
been gained. It was at once suspected that the importance of nicotinic 
acid in nutrition was related to its presence as the reactive fraction 
of the coenzymes diphosphopyridine nucleotide and triphosphopyridine 
nucleotide. Both coenzymes function in a number of dehydrogenating 
or oxidizing reactions, and the diphosphopyridine nucleotide may also 
act as a phosphate carrier. Their activity in the intermediate metabolism 
of dextrose is probably of the greatest clinical interest. The chemical 
reactions may be tentatively summarized. After the phosphorylation 
of hexose to hexose diphosphate and subsequent cleavage to triose 
phosphate, the pyridine nucleotides oxidize triose phosphate, losing 
oxygen, which is replaced by the oxidation of flavoprotein. Flavo- 
protein is in turn reoxidized by molecular oxygen, possibly derived 
from cellular heme. In the later stages of the utilization of dextrose 
reduced coenzyme I acts as a hydrogen donator in the conversion of 
pyruvic acid to lactic acid. These processes are continuous, and though 
it has been shown experimentally that the coenzymes can be reduced 
and regenerated many times, in the living cell it seems probable that 
they are eventually exhausted or rendered inactive unless there is 
adequate replacement. When energy is derived almost exclusively 
from carbohydrate or when there is for any reason an excessive demand 
for energy production the phosphopyridine nucleotides apparently are 
used up at a greatly increased rate. The various morbid states result- 
ing from nicotinic acid deficiency may thus be thought of as chemical 
disturbances of cellular metabolism due to the failure of the coenzymes 


to function. 
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Up to the present it has been necessary to rely entirely on clinical 
observation for detection of nicotinic acid deficiency in man and for 
evaluation of its severity. Little is known of pathologic variations 
of the concentration of nicotinic acid in the blood or tissues or of the 
extent to which it is stored and excreted. Elvehjem? used the yeast 
fermentation method of Euler for the determination of coenzyme | 
(diphosphopyridine nucleotide) as an index of the nicotinic acid content 
of the blood and tissues of normal and nicotinic acid—deficient dogs. 
He was unable to demonstrate any significant reduction of the cozymase 
in the blood, brain or renal cortex of the acid—deficient animals; the 
liver showed marked depletion and the muscles significant but variable 
loss. Vilter, Vilter and Spies* and Kohn and Bernheim * estimated 
the coenzyme I in the blood of normal and of pellagrous persons, using 
the bacterial growth method of Lwoff and Lwoff. The results of the 
investigations by these two groups were at variance. The Vilters and 
Spies found a great reduction of coenzyme in the blood of pellagrins in 
relapse and observed a rapid increase after the administration of large 
doses of nicotinic acid. Kohn and Bernheim‘ and Kohn®* could 
demonstrate no significant difference in the cozymase content of the 
blood of normal persons and of pellagrins but did observe that the 
concentration in the blood of both types of persons was increased after 
nicotinic acid therapy was instituted. My own observations confirmed 
those of Kohn. Ritsert * used a colorimetric method for the quantitative 
determination of nicotinic acid in the blood ; this was modified by Pear- 
son’ and by Briggs,* who has succeeded in eliminating color due to 
substances other than nicotinic acid. Briggs found that blood normally 
contains from 3 to 3.5 micrograms of nicotinic acid per cubic centimeter ; 
these values are somewhat lower than those obtained by Swamina- 
than,® Ritsert or Pearson but are probably more accurate. Briggs did 
not observe marked lowering of nicotinic acid in the blood of pellagrins 


2. Elvehjem, C. A.: The Biological Significance of Nicotinic Acid, Bull. New 
York Acad. Med. 16:173, 1940. 

3. Vilter, R. W.; Vilter, S. P., and Spies, T. D.: Relationship Between 
Nicotinic Acid and a Codehydrogenase (Cozymase) in Blood of Pellagrins and 
Normal Persons, J. A. M. A. 112:420 (Feb. 4) 1939. 

4. Kohn, H. L., and Bernheim, F.: Blood V-Factor (Coenzyme) in Normal 
and Pathologic Subjects, J. Clin. Investigation 18:585, 1939. 

5. Kohn, H. I.: The Concentration of Coenzyme-Like Substances in Blood 
Following the Administration of Nicotinic Acid to Normal Individuals and 
Pellagrins, Biochem. J. 32:2075, 1938. 

6. Ritsert, K.: Zur quantitativen Nicotinsaure- und Nicotinsaureamid- Bestim- 
mung im Harn, in Geweben und im Blut, Klin. Wchnschr. 18:934, 1939. 

7. Pearson, P. B.: Nicotinic Acid of Mammalia, J. Biol. Chem. 129:491, 1939. 

8. Briggs, A. P.: Personal communication to the author. 

9. Swaminathan, M.: Chemical Method for the Estimation of Nicotinic Acid 
in Biological Materials, Indian J. M. Research 26:427, 1938. 

















748 ARCHIVES OF INTERNAL MEDICINE 


but found increased amounts in the blood of both normal and pellagrous 
persons after the ingestion of nicotinic acid. The clinical value of the 
method remains to be determined, since the weight of evidence at 
present is against the likelihood that clinical manifestations of deficiency 
are accompanied by significant lowering of the nicotinic acid in the 
blood. Elvehjem* suggested that marked lowering of the concentra- 
tion of coenzymes in the blood, brain and renal cortex may be incom- 
patible with life, and it follows that chemical evidence of deficiency 
must be sought elsewhere. Tests for the presence of nicotinic acid and 
its compounds in the urine offer considerable promise, since it is cer- 
tain that these substances are excreted to some extent during health. 
Vilter, Spies and Mathews *® applied the method of Baumgarten ™ 
and of Karrer and Keller ** to the colorimetric determination of nico- 
tinic acid and its amide in the urine with some success, but the difficulty 
of eliminating other chromogens has limited its usefulness.  Vilter, 
Vilter and Spies * used the bacterial growth method of the Lwoffs and 
found that the V factor (a codehydrogenase) is much reduced in the 
urine of pellagrins in relapse, increasing rapidly after the administra- 
tion of nicotinic acid. More recently Fraser, Topping and Sebrell * 
tried the bacterial growth method of Knight as modified by Koser, 
Dorfman and Saunders ** in the assay of urine of animals with experi- 
mental blacktongue. They observed a significant relation between the 
clinical manifestations of the disease and the excretion of growth- 
promoting substances (nicotinic acid) in the urine. They also found 
marked diminution of urinary excretion of nicotinic acid before clinical 
signs of blacktongue could be recognized and the corollary, increased 
excretion before signs of improvement could be noted. If this method 
of recognition of nicotinic acid deficiency proves applicable to clinical 
investigation it will be a timely diagnostic aid. 

Up to the present, nicotinic acid, nicotinic acid amide and sodium 
nicotinate have been the substances extensively used in the treatment 
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of the deficiency in human beings, and it is likely that no compounds 
will be found to be more effective. Numerous pyridine and several 
pyrazine compounds have been tested for their potency in treatment of 
blacktongue and of human pellagra. Woolley, Strong, Madden and 
Elvehjem ** found that only the pyridine compounds capable of con- 
version into nicotinic acid or its amide were effective in treatment of 
blacktongue, while the monocarboxylic and the 2,3-dicarboxylic acid 
derivatives of pyrazine had about one-tenth the curative value of nico- 
tinic acid. Spies and his collaborators** obtained analogous results 
with pyrazine compounds in the treatment of pellagra but found that 
pyrazine monocarboxylic acid and pyrazine 2,3-dicarboxylic acid were 
also potent in doses of 500 to 800 mg. daily. In common with other 
vitamins, the toxicity of nicotinic acid and of the amide and sodium 
salt is low. Animals show no untoward effects from amounts tremen- 
dously greater than those necessary in therapy;*” no vasomotor or 
cardiac disturbances have been noted in the animals used for test pur- 
poses. In human subjects nicotinic acid and sodium nicotinate given 
orally or parenterally may cause marked vasodilatation with elevation 
of the surface temperature and subjective itching and burning of the 
lips, pharynx and skin. Occasionally tachycardia with either mild 
elevation or depression of blood pressure may occur. A few patients 
complain of substernal distress and dyspnea. Twice I have seen intense 
erythema and vomiting during the intravenous administration of dilute 
solutions of sodium nicotinate. Two other patients had marked edema 
of the hands accompanied by localized erythema and severe burning and 
prickling confined to the palms and fingers without general vasodilata- 
tion. The general flushing reactions are commonly attributed to satura- 
tion with the vitamin but occasionally occur after the first administration 
of it to patients obviously deficient. Nicotinic acid amide has not been 
observed to produce vasomotor effects. A phase of activity of nico- 
tinic acid which has received little attention is its effect on the secretion 
of hydrochloric acid. In normal subjects and in many with deficiency 
doses of 100 to 120 mg. cause an increase in the secretion of hydrochloric 
acid by the stomach of the same order as that produced by 1 mg. of 
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histamine phosphate.'* It is possible that this effect has bearing on 
the actual cure of chronic pellagra. 

Pellagra is a polyavitaminosis in which deprivation of nicotinic acid 
is only one factor; evidence of deficiency of thiamine and riboflavin 
is seldom absent, and some grade of deficiency of ascorbic acid is fre- 
quent. Since it seems necessary to reserve the term pellagra for the 
syndrome presenting a specific type of dermatitis, many of the mani- 
festations of nicotinic acid deficiency cannot properly be called pella- 
grous. There are only two methods of clinical analysis of the problem. 
The more accurate is the observation of patients maintained on a diet 
extremely poor in all vitamins but amply supplemented with all but 
nicotinic acid. The second is the administration of the single vitamin 
under circumstances which would seem to warrant the assumption that 
a specific deficiency is present. Even with such imperfectly controlled 
observations it has become evident that there are a number of mani- 
festations of nicotinic acid deficiency and various mechanisms which 
may produce them. It also seems highly probable that the tissue changes 
which characterize typical pellagra result from prolonged partial defi- 
ciency of the vitamin, while severe acute deprivation produces quite 
different effects. As in all avitaminoses, the defect of nutrition may 
result from inadequate intake or from poor absorption or failure of 
utilization when adequate amounts of the vitamin are ingested. 

It is trite and perhaps superfluous to state that a poor diet is the 
most important single factor in the production of all grades of nicotinic 
acid deficiency, but the significance of the composition of diets is still 
not appreciated by many practitioners of medicine and perhaps a com- 
parable proportion of dietitians. The idea is still prevalent that dietary 
inadequacy implies semistarvation; it is extremely difficult to implant 
the fact that a diet may have excellent caloric value but produce severe 
nicotinic acid deficiency because it necessitates excessive derivation of 
energy from carbohydrate. The adequacy of the vitamin intake is 
directly related to the proportion of calories derived from carbohydrate 
and to the metabolic demands of the body. 

Failure of absorption of nicotinic acid from natural food sources is 
common in various disorders of the gastrointestinal tract. Persistent 
vomiting or diarrhea from any cause may precipitate the signs and 
symptoms of avitaminosis. The absence of free hydrochloric acid from 
the stomach seems to interfere with the digestive processes necessary 
for the extraction of nicotinic acid from food. Achlorhydria is common 
in all chronic avitaminoses, and in pellagra it seems likely that this 
disturbance of gastric function may first be due to chronic partial 
deficiency of nicotinic acid and then contribute largely to the persistence 
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of the syndrome. Edema of the gastric and intestinal mucosa, such as 
occurs in heart failure, nephritis and portal obstruction, interferes with 
the absorption of all vitamins. Evidences of deficiency are frequent in 
various diseases of the liver, particularly in portal cirrhosis, chronic 
passive congestion and fatty degeneration. It is likely that in such 
conditions utilization of nicotinic acid is interfered with by disturbance 
of hepatic function. Whether there is failure of synthesis of nicotinic 
acid amide or of the phosphopyridine nucleotides or whether there is 
simply inadequate storage of these substances cannot yet be determined. 

Severe grades of deficiency with rapidly developing pellagrous 
lesions may result from a sudden increase in metabolic activity. Preg- 
nancy, acute hyperthyroidism, fever and unusual physical exertion are 
common causes of such metabolic stress. Similar clinical pictures may 
be produced when patients are maintained for a number of days on 
solutions of dextrose given intravenously or when large increments 
of carbohydrate and insulin are added to a regimen for persons with 
diabetes. Not infrequently the substitution of alcohol for food preci- 
pitates acute pellagra. In all these conditions it is likely that increased 
coenzyme activity results in the actual using up of all available nicotinic 
acid. 

Since it can be assumed with some confidence that compounds of 
nicotinic acid are essential for the nutrition of every living cell, it seems 
highly probable that the variety of manifestations of deficiency depends 
on the sensitiveness of different tissues to varying grades of metabolic 
disturbance. When there is prolonged moderate lack of the vitamin, 
functional disturbances may be slight for a considerable time; eventu- 
ually they become severe, and finally anatomic changes occur. When 
deficiency is severe or acute, profound functional disorders may be 
produced so rapidly that tissue changes do not have time to develop. 
All intermediate combinations of functional and anatomic effects of 
deficiency may be observed. 

In the chronic partial deficiency of nicotinic acid that eventually 
results in endemic pellagra, mild psychic disturbances are almost always 
the first evidence of disease. Neurasthenic complaints of all sorts, 
forgetfulness, slight mental retardation or mild and transient delusional 
states may recur for months or even years.’* Partial deafness may be 
the presenting symptom.”° Vague digestive disturbances with anorexia 
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are likely to ensue; mild glossitis is apt to accompany such symptoms. 
The food intake is apt to be reduced in an effort to mitigate indigestion 
or as a result of progressive lack of appetite. With increasing malnu- 
trition glossitis proceeds to atrophy of the lingual papillae; functional! 
or anatomic changes in the gastric mucosa result in achlorhydria. Diar- 
rhea may be initiated by the presence of undigested food or as a result 
of atrophic changes in the intestinal mucosa preventing normal absorp- 
tion of fluid. Progressive psychic deterioration may further limit the 
ingestion of food. At any time dermatitis may appear, frequently but 
not necessarily precipitated by some type of trauma. Infection is apt 
to occur in the mouth, esophagus, rectum or vagina, probably from 
disturbance of normal cellular defense mechanisms. Finally, delirium, 
dementia, stupor or the encephalopathic syndrome ** indicates the maxi- 
mal grade of deficiency of nicotinic acid compatible with life. The full 
development of pellagra may require a few months or many years. In 
the great majority of instances the process is frequently, sometimes 
permanently, interrupted by accidental improvement in the diet, by 
diminished metabolic demands or by the administration of curative 
substances. Occasionally irreversible changes are produced in the 
gastrointestinal mucosa, so that patients remain potentially pellagrous 
with enormous requirements for nicotinic acid. More often there is 
permanent damage to the brain, with dementia. 

When rapid, severe depletion of nicotinic acid is brought about by 
maintenance for several days on dextrose solutions given intravenously 
or by acute infection with much fever and inadequate feeding or by 
severe alcoholism, psychic disturbances are seldom lacking; confusion 
or delirium is the common pattern. Severe glossitis is constant and is 
apt to be accompanied by stomatitis and esophagitis; secondary infec- 
tion in the mouth and esophagus with fungi or Vincent’s organisms 
is frequent. Occasionally the bullous or rapidly necrotizing types of 
symmetric dermatitis develop with amazing speed. 

A maximal deficiency of nicotinic acid is suspected of being the 
cause of the atypical psychotic states described by Cleckley and others * 
and the encephalopathy reported by Jolliffe and others.** It is likely 
that delirium tremens and postalcoholic stupor belong in the same 
category. Profound clouding of consciousness grading into complete 
stupor, cogwheel rigidities and primitive grasping and sucking reflexes 
are characteristic. Relatively few patients have shown the lesions of 
pellagra, and it is believed that this encephalopathic syndrome repre- 
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sents the most severe and acute manifestation of nicotinic acid deficiency, 
developing too rapidly for tissue changes to occur. Looking back to 
the period preceding the use of liver extracts in the treatment of severe 
pellagra, one can be certain that encephalopathy induced by a deficiency 
of nicotinic acid was the common terminal event in endemic pellagra. 

The response of all grades of nicotinic acid deficiency to specific 
treatment with the vitamin is rapid and usually complete, though it is 
seldom possible to predict the amount requisite for cure or for main- 
tenance. The normal requirement is probably about 25 mg. a day* 
and a few patients with mild endemic pellagra can be cured, though 
slowly, with this amount. If the intake is increased to 300 or 500 
mg., the cure of glossitis, stomatitis and diarrhea is truly dramatic, 
seldom requiring more than two days; mild psychic disturbances dis- 
appear even more rapidly, and cutaneous lesions require from seven 
to fourteen days for complete resolution. In cases of severe pellagra 
600 to 1,000 mg. daily for three days is usually adequate for relief ot 
all urgent symptoms. Because no advantage has been evident from 
the continuation of such large amounts of the vitamin, it has become 
customary to reduce the dose to 100 or 150 mg. per day after improve- 
ment has begun. In treatment of the acute deficiencies best results 
have been obtained from large amounts of nicotinic acid given until 
the symptoms were controlled. The stuporous or encephalopathic 
patient may require 1,200 to 1,800 mg. daily for four or five days; 
one with acute deficiency from ingestion of too much dextrose or 
alcohol may need as much. It is probably advantageous to give such 
large amounts of the vitamin in divided doses of not over 100 mg. 
at intervals of an hour, to avoid loss of considerable quantities by 
excretion in the urine. When vomiting prevents the oral administra- 
tion of nicotinic acid or when patients are stuporous or for other 
reasons entirely uncooperative, sodium nicotinate or nicotinic acid 
amide can be given by intramuscular or intravenous injection. When 
sodium nicotinate is given intravenously it should be well diluted with 
physiologic solution of sodium chloride and injected slowly, to avoid 
vasodilator reactions. It is my conviction that effects are obtained 
more rapidly when parenteral routes of administration are employed. 

The amount of nicotinic acid required for maintenance is exceed- 
ingly variable and probably depends on the absorptive capacity of the 
gastric and intestinal mucosa and the functional integrity of the liver. 
Many patients with mild endemic pellagra are well maintained on 
25 or 30 mg. a day. The average requirement of those with long- 
standing deficiency is 100 mg. For persons with irreversible achlorhy- 
dria and with diarrhea due to structural changes in the colon the 
minimum may be 600 mg. a day. The severe acute deficiency states 
do not produce lasting changes in the tissues and no maintenance after 
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cure is necessary unless there has been preexisting chronic peliagra 
It must be remembered that nicotinic acid deficiency is probably alway: 
associated with riboflavin and thiamine deficiency and that the manifes- 
tations of these avitaminoses are apt to progress unless recognized and 
treated. 

In summary, experimental and clinical evidence supports the theor) 
that the nutritional significance of nicotinic acid depends on the part 
it plays as a component of the coenzymes diphosphopyridine nucleotide 
and triphosphopyridine nucleotide. In animals it has been shown that 
only relatively slight depletion of these compounds occurs even in 
severe nicotinic acid deficiency. No entirely satisfactory method of 
chemical diagnosis of this deficiency has been developed; it seems 
likely that determinations of the urinary excretion of nicotine acid prom- 
ise to be more helpful than determinations of coenzymes or of nicotinic 
acid in the blood. 

It is probable that the clinical manifestations of nicotinic acid 
deficiency are the result of disturbances of cellular nutrition when the 
available supply of nicotinic acid is insufficient for the adequate replace- 
ment of coenzymes. An important cause of rapid depletion of coenzymes 
is the excessive derivation of energy from carbohydrate. Since the 
cerebral neurons are highly sensitive to disturbances of their nutrition, 
it is not remarkable that psychic disturbances of various patterns are 
common in all types of nicotinic acid deficiency. The grade and nature 
of symptoms and signs of this deficiency are determined by the severity 
and duration of avitaminosis. om 

All known manifestations of deficiency of nicotonic acid are cured 
rapidly and usually completely by adequate specific therapy. It is not 
yet possible to predict the amounts of the vitamin necessary for cure 
or maintenance in every instance. 
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Study of this rare disease has recently been stimulated by the dis- 
covery that the recurrent attacks of flaccid paralysis which characterize 
this condition are associated with a marked fall in the serum potassium 
and that the administration of potassium salts brings about rapid recov- 
ery from the attacks." 

A review of the literature reveals a sparsity of observations on the 
electrocardiographic alterations induced by the disease. The papers of 
Janota and Weber? and Zabriskie and Frantz * are the only ones, to 
our knowledge, which record electrocardiographic observations. These 
authors found lowering of the T waves during the paralytic episodes. 
It is our intention in this report to furnish additional data along these 
lines, as well as experimental observations on the effects of certain 
drugs. 

REPORT OF CASE 


B. R., a man aged 25, came under our observation in February 1939. His 
family history was unknown to him in any detail, owing to the early death of his 
parents. Except for the development of thromboangiitis obliterans in the right 
leg three years previously, he had been in good health. 

The present illness began rather suddenly on Feb. 24, 1939. On awakening 
that morning he found himself unable to get up because of almost complete loss 
of motor power from the neck down. 


1. (a) Aitkin, R. S.; Allott, E. N.; Castledon, L. I. M., and Walker, M.: 
Observations on a Case of Familial Periodic Paralysis, Clin. Sc. 3:47 (July) 1937. 
(b) Ferrebee, J. W.; Atchley, D. W., and Loeb, R. F.: A Study of the Electrolyte 
Physiology in a Case of Familial Periodic Paralysis, J. Clin. Investigation 17:504 
(July) 1938. (c) Pudenz, R. H.; McIntosh, J. F., and McEachern, D.: The Role 
of Potassium in Familial Periodic Paralysis, J. A. M. A. 111:2253 (Dec. 17) 1938. 

2. Janota, O., and Weber K.: Die paroxysmale Lahmung: Eine Studie iiber 
ihre Klinik und Pathogenese, Abhandl. a. d. Neurol., Psychiat., Psychol. u. 
Grenzgeb, 46:1, 1928. 

3. Zabriskie, E. G., and Frantz, A. M.: Familial Periodic Paralysis, Bull. 
Neurol. Inst. New York 2:57 (March) 1932. 
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Physical examination revealed a well developed man of sthenic habitus; he 
was somewhat drowsy, was perspiring moderately and did not appear acutely jl|. 

There was flaccid paralysis involving the trunk and the upper and lower 
extremities. The biceps and ankle jerks were absent, but the triceps and knee 
jerks were present. There were no pathologic reflexes and no sensory changes, 
and the cranial nerves were normal. 

On ausculation, it was found that the cardiac rhythm was regular, except for 
an occasional dropped beat. There were no extrasystoles. The first sound at the 
apex was slightly dull. There were no murmurs, and the heart was not enlarged. 
The rate was 90 beats per minute, and the blood pressure was 130 systolic and 
70 diastolic. The right dorsalis pedis and posterior tibial pulses were absent. 





Fig. 1.—Electrocardiogram taken on March 7, during a moderately severe 
attack, at which time the serum potassium was 11 mg. per hundred cubic centimeters. 
The electrocardiogram shows prolongation of auriculoventricular conduction and 
abnormalities of the T waves. 


This attack of paralysis disappeared spontaneously in about five hours, with 
complete recovery of motor power, return of the lost reflexes and disappearance of 
the dropped beats. 

Essentially similar attacks, the degree and site of motor weakness varying 
somewhat, have been observed since then. Most of these occurred in the early 
morning, especially if the patient had partaken of excessive food or fluids late the 
night before. Between attacks the patient felt perfectly well, and the physical 
examination revealed nothing abnormal. 

Potassium chloride, in doses of 5 Gm. administered orally, terminated attacks 
within an hour when taken promptly after the onset of symptoms. When the 
medication was delayed recovery was less rapid. A nightly maintenance dose of 
5 Gm. of potassium chloride was effective in keeping the patient free of attacks. 
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Fig. 2.—Electrocardiogram taken on March 9, forty-eight hours after recovery 
from paralysis. There are no significant abnormalities. 








Fig. 3.-Electrocardiograms taken on March 19, during an interval when the 
patient was free from attacks of paralysis. A, before exercise; B, after exercise. 
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Foods rich in potassium, taken at bedtime, also prevented attacks. On one occasix 

25 mg. of mecholyl chloride (acetylbetamethylcholine hydrochloride), given subcu 
taneously, resulted in partial return of the reflexes in about ten minutes, although 
the paralysis was not abolished. 
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Fig. 4.—Serial tracings taken on June 23, during a severe attack of paralysis, 
before and at short intervals after the administration of potassium chloride. 
A, 8:45 a. m., changes similar to those in figure 1. Five grams of potassium chloride 
was administered at 9:00 a.m. B, 9:18 a. m.; C, 9:33 a. m.; D, 9:45 a. m.; EZ, 
10:15 a. m.; F, 11:00 a. m, and G, 11:35 a. m. These tracings show a gradual 
return to almost normal limits in two and one-half hours after administration of 
potassium chloride. There was a concomitant improvement in the paralysis. Slight 
weakness in the upper extremities was still present at 11:35 a. m. 


Laboratory Data.—Chemical analysis of blood taken during an attack revealed 
potassium 11 mg. per hundred cubic centimeters (Kaye method; normal 16 to 20 mg 
per hundred cubic centimeters), calcium 10.7 mg., magnesium 1.7 mg. and total 
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hase 148.5 milliequivalents. Similar determinations one and one-half hours after 
spontaneous recovery showed: potassium 16 mg. per hundred cubic centimeters, 
calcium 10.7 mg., magnesium 2.0 mg. and total base 150.5 milliequivalents. 
Studies on the excretion of creatine and creatinine on three specimens of urine 
collected over successive twenty-four hour periods revealed: creatine 0.2, 0.34 and 
0.1 Gm. and creatinine 0.86, 1.6 and 1.4 Gm., respectively (Benedict method). 
The Wassermann reaction of the blood, the results of urinalysis and the blood 


counts were normal. 
A fluoroscopic examination of the heart and lungs showed nothing abnormal. 


The first electrocardiogram was taken on March 7 at 9 a. m., during a moderately 
severe attack of paralysis, at which time the serum potassium was 11 mg. per 
hundred cubic centimeters. The tracing showed sinus tachycardia, rate 100 beats 
per minute, extreme prolongation of the auriculoventricular conduction (PR interval 





¢ 


Fig. 5.—Electrocardiograms taken during an attack of paralysis on August 28. 
A, 7:40 a. m., previous to the administration of any drug. B, 1/50 grain (1.3 mg.) 
of atropine sulfate was given subcutaneously at 7:56 a.m. This dose was repeated 
at 8:35 a. m. A tracing taken at 8:55 shows a PR interval of 0.18 second and an 
increase in the height of the T waves. C, 25 mg. mecholyl chloride was given 
subcutaneously at 9:00 a. m. Repeated tracings taken for one-half hour showed 
no further changes. D, 5 Gm. of potassium chloride was given at 9:30 a. m. This 
tracing was taken at 10:00 a. m., at which time there was complete recovery from 


paralysis. 


28 second), and abnormalities in the T waves (flat in lead I, low and broad in 
leads II and III and small and inverted in lead IV [fig. 1]). 

The tracings made on March 9 and 19, when the patient was free of attacks, 
showed no significant abnormalities (figs. 2 and 3A and 1B). 
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During another, somewhat more severe, attack of paralysis occurring o1 
June 23, the electrocardiogram showed similar, though somewhat more marked, 
changes: rate 110 beats per minute, PR interval 0.32 second, flat T waves in 
the conventional leads, a small and inverted T wave in lead IV and upward curving 
of the ST segments. Serial tracings were then made after administration of 
potassium chloride by mouth. It was observed that there was a gradual return of 
the electrocardiogram to practically normal limits within two and one-half hours 
(fig. 4). There was a concomitant improvement in the paralysis, so that at the 
end of this period there was only slight weakness of the upper extremities. 

On August 28, during a typical attack, electrocardiograms were taken before 
and after the administration of atropine sulfate, mecholyl chloride and potassium 
chloride. After the administration of atropine the PR interval returned to normal 
and the T waves became higher, approaching their normal configuration (fig. 5). 
Twenty-five milligrams of mecholyl chloride given subcutaneously after the 
administration of the atropine, produced no further alteration in the electro- 
cardiogram (fig. 5). 


COMMENT 


Lowering of the serum potassium during the paralytic episodes of 
this disease and prompt recovery from attacks after the administration 
of potassium salts have recently been recorded. The studies in our case 
substantiate these observations. 

We wish to stress in particular the striking electrocardiographic 
changes in our patient during the paralytic attacks. These changes 


consisted mainly of marked impairment in auriculoventricular conduc- 
tion and flattening of the T waves. 

Direct correlation between the height of the T waves and the level 
of serum potassium has been reported recently by Thomson * in a case 
of Addison’s disease and in cases of uremia. Also, in the experimental 
raising of the level of serum potassium in dogs by slow intravenous 
injection of potassium chloride, the first electrocardiographic change 
was found to be a marked increase in the height of the T waves 
(Winkler, Hoff and Smith °). 

The abolition of the conduction defect and the tendency toward 
return to normal of the T waves after administration of atropine sulfate 
indicate that increased vagal tone is probably present during attacks. 
These effects have been noted clinically by Pudenz and associates,** who 
reported that the bradycardia which occurred during their patient’s 
attacks disappeared after the administration of atropine. 


4. Thomson, W. A. R.: Potassium and the T Wave of the Electrocardiogram, 
Lancet 1:808 (April 8) 1939. 

5. Winkler, A. W.; Hoff, H. E., and Smith, P. K.: Electrocardiographic 
Changes and Concentration of Potassium in Serum Following Intravenous Injection 
of Potassium Chloride, Am. J. Physiol. 124:478 (Nov.) 1938. 
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Although we do not wish to speculate regarding the mechanism 
underlying these changes, we think it worthy of note that electrocardio- 
graphic abnormalities of such magnitude can be produced by distur- 
bances of the electrolyte balance in the absence of demonstrable organic 
disease of the heart. 

SUMMARY 

A typical case of periodic paralysis in which impairment in auriculo- 
ventricular conduction and abnormalities in the T waves of the electro- 
cardiogram appeared during the paralytic episodes is reported. 

The relation of these changes to the level of serum potassium is dis- 
cussed in some detail. 

These changes are partially abolished by the administration of 
atropine and completely disappear with the end of the paralytic attack, 
whether the termination is spontaneous or is induced by the administra- 
tion of potassium salts. 


Mr. Kaye and Mr. Sobel, of the chemistry department of the Jewish Hospital, 
Brooklyn, performed the chemical analyses of the blood. 
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Though numerous endocrine disturbances occur with disease or 
tumors of the brain, none has a more intriguing interest or presents so 
challenging a problem with respect to its cause than precocious puberty. 

There is at present a widely believed theory that it is caused in some 
way by tumors of, or in the region of, the pineal body. This association 
was first pointed out by Gutzeit,' but his case, viewed now, curiously 
does not appear to be a genuine instance of precocious puberty. The 
clinical and diagnostic features of “pinealism” were described by Frank!- 
Hochwart,? who wrote: 

When one finds in a very young person (boy) along with the general symptoms 
of tumor, as well as the local signs of a lesion of the corpora quadrigemina, 
abnormal body growth, unusual growth of hair, adiposity, somnolence, premature 
genital and sexual development and, finally, intellectual maturity, one must think 
of a pineal tumor. 


In the same year, after an extensive study of the pineal body, Mar- 
burg * came to the conclusion that it was a gland of internal secretion. 
He propounded the hypothesis that the pineal body in some way inhibits 
sexual maturation in early life but that sexual development coincides 


From the Neurosurgical Service and Laboratory of the Hospital of the Uni- 
versity of Pennsylvania. 
1. Gutzeit, R.: Ein Teratom der Zirbeldriise, Thesis, K6nigsberg, E. Erlatis, 


1896. 
2. von Frankl-Hochwart, L: Ueber Diagnose der Zirbeldriisentumoren, 
Deutsche Ztschr. f. Nervenh. 37:455, 1909. 

3. Marburg, O.: Die Adipositas cerebralis; ein Beitrag zur Kenntnis det 
Pathologie der Zirbeldriise, Deutsche Ztschr. f. Nervenh. 36:114, 1908-1909; Dic 
Adipositas cerebralis; ein Beitrag zur Pathologie der Zirbeldriise, Wien. med 
Wehnschr. 58:2617, 1908; Zur Kenntnis der normalen und pathologischen His 
tologie der Zirbeldriise; die cerebrale Adipositas, Arb. a. d. neurol. Inst. a. d 
Wien. Univ. 17:217, 1908. 
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with involution of the gland, which normally occurs about the time of 
puberty. This theory provided the stimulus for an enormous amount of 
physiologic experimentation dealing with pineal extirpations, implanta- 
tions, and feedings, injections of pineal extracts and electric stimulation, 
as well as many histologic and comparative anatomic studies. Fifteen 
years of immense labor, resulting in more than three hundred papers, 
was critically reviewed by Krabbe,* who trenchantly commented as 
follows: 

We must point out that the hypothesis that the secretion [of the pineal gland] 
plays a role in the development of puberty is to date completely without significant 
evidence . . . One has very often the impression that the authors’ desire to 
consider the organ incretory in function is greater than their critical judgment 
regarding their published researches. 


For a number of years after Krabbe’s summation, interest in the 
pineal body lay dormant, but it has lately been revived. Rowntree, 
Hanson and their co-workers * claimed that pineal extracts injected into 
successive generations of rats produced by the fourth generation evi- 
dences of accelerated development of the gonads and the sexual acces- 
sories. They were unable to detect any differences in sexual development 
following pineal extirpations. Davis and Martin® performed pineal- 
ectomies on rats and cats. In the former they saw no evidence of sexual 
precocity but claimed that they did so in cats. This opinion was based 
on observations on only 3 cats out of the 14 that survived the operation. 
It should be pointed out that these authors claimed the same result from 
pineal deprivation that Hanson and Rowntree claimed from excessive 
administration of pineal extract. Many workers in addition’ have 
performed the same experiments as Davis and Martin, with opposite 
results. Engel,* investigating the endocrinologic aspects, found that 
pineal extracts possess an antagonism to gonadotropic substances. 


4. Krabbe, K. H.: The Pineal Gland, Especially in Relation to the Problem 
of Its Supposed Significance in Sexual Development, Endocrinology 7:739, 1923. 

5. Rowntree, L. G.; Clark, J. H.; Steinberg, A., and Hanson, A. M.: The 
Biologic Effects of Pineal Extract (Hanson): Accruing Retardation in Growth 
and Accruing Acceleration in Development in Successive Generations of Rats 
Under Continuous Treatment with Pineal Extract, Endocrinology 20:348, 1936. 
Einhorn, N. H., and Rowntree, L. G.: Experimental Phases of the Pineal Prob- 
lem, ibid. 24:221, 1939. 

6. Davis, L., and Martin, J.: Results of Experimental Removal of Pineal 
Gland in Young Mammals, Arch. Neurol. & Psychiat. 43:23 (Jan.) 1940. 

7. Dandy, W. E.: Extirpation of the Pineal Body, J. Exper. Med. 22:237, 
1915, Exner, A., and Boese, J.: Ueber experimentelle Extirpation der Glandula 
pinealis, Deutsche Ztschr. f. Chir. 107:182, 1910. Christea, G.: Genital Organs 
and Pineal Gland, Rev. stiint. med., 1912; cited by Krabbe.* 

8. Engel, P.: Assay of Pineal Extracts, Endocrinology 25:144, 1939. 
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While his work was confirmed by Fleischmann and Goldhammer ® and 
Fischer, other workers, such as Vinals,4* Wade** and Malek," 
repeating the same experiments, came to the opposite conclusion. 

When one thus reviews the poorly controlled, divergent and contra- 
dictory studies on the pineal body made in recent years, one cannot but 
feel that Krabbe’s laconic criticism is still applicable. The secretory 
nature of the pineal gland is still unproved, though some writers ** cling 
to the belief that it elaborates a substance affecting sexual development. 

On the other hand, some clinicians studying cases of precocious puberty 
associated with pineal tumors have begun to doubt, on clinical grounds, 
the causal connection between the two.’* They have turned their 
attention to the hypothalamus, where destruction can invariably be 
demonstrated when the autopsies in cases of pineal tumors are carefully 
studied. Bing, Globus and Simon * pointed out in an analysis of all 
the collected cases of pubertas praecox associated with pineal tumors 
that in 70 per cent there were symptoms or signs referable to hypo- 
thalamic involvement. This observation is not astonishing when the 
anatomic relations of the pineal gland are recalled and when the large 
size or invasive characteristics of tumors of this region are considered. 
Aside from the purely pathologic and clinical facts, these observations 
are important because they hint at the possibility that precocious puberty 
when occurring with lesions of the central nervous system is a hypo- 
thalamic syndrome. 

It would be unjustifiable to add still another clinical syndrome to this 
already overburdened structure did not much evidence, clinical, 


9. Fleischmann, W., and Goldhammer, H.: Nachweis einer oestrushemmenden 
Substanz in der Zirbeldriise junger Rattenweibchen, Klin. Wchnschr. 13:415, 1934. 

10. Fischer, ©.: Isolation and Biological Assay of Efficacious Fraction of 
Pineal Gland, Arch. internat. de pharmacodyn. et de thérap. 59:340, 1938. 

11. Vinals, E.: Réenforcement de I’action gonadotrope de I’urine de la femme 
gravide, par association avec le glande épiphysaire, Compt. rend. Soc. de biol. 
119:259, 1935. 

12. Wade, N. J.: Studies on the Function of the Pineal Gland, Endocrinology 
21:681, 1937. 

13. Malek, S. A.: On the Relationship Between the Epiphysis Cerebri and the 
Reproductive System, J. Anat. 73:419, 1939. 

14. von Kup, J.: Der Zusammenhang zwischen der Zirbel und den anderen 
endocrinen Driisen, Frankfurt. Ztschr. f. Path. 50:152, 1936. Calvet, J.: 
L’épiphyse, étude embryologique, histophysiologique et anatomo-clinique, Paris, 
J. B. Bailliére et fils, 1937. 

15. (a) Bing, J. F.; Globus, J. H., and Simon, H.: Pubertas Praecox: A 
Survey of the Reported Cases and Verified Anatomical Findings, with Particular 
Reference to Tumors of the Pineal Body, J. Mt. Sinai Hosp. 4:935, 1938. (b) 
Gardiner-Hill, H.: Abnormalities of Growth and Development: Clinical and 
Pathological Aspects, Brit. M. J. 1:1241, 1937. (c) Grinker, R. R.: Hypo- 
thalamic Functions in Psychosomatic Inter-Relations, Psychosom. Med. 1:19, 1939. 











WEINBERGER-GRANT—PRECOCIOUS PUBERTY 765 


pathologic and physiologic, point to the participation of the hypo- 
thalamus in sexual development and function. In a sense, then, it is 
not a new hypothalamic syndrome that is proposed, but we submit that 
precocious puberty is merely a rare variant of hypothalamic sexual dis- 
turbances, the reverse of the genital atrophies and sexual infantilism so 
well known to occur with disease of this region. It is true, this concep- 
tion does not have the merit of being new, for since Berblinger’s ** 
paper writers have spoken of “hypothalamic hypergenitalism” and 
“pineal hypergenitalism.” It is probably more accurate, however, and 
more in keeping with the facts, to call precocious puberty a hypothalamo- 
hypophysial syndrome because, as we shall show later, the two structures 
are linked as intimately in the control of sexual activities as they are in 
other functions which are better known. However, we shall use the 
term “hypothalamic” because of the primary structure attacked. There- 
fore attention is directed to the fact that pubertas praecox occurs with 
lesions of the hypothalamus and the third ventricle in which the pineal 
body is not affected. So far as association with tumors is concerned, 
cases of this condition are rare. In all, 15 cases have been recorded. 

The case to be reported is an instance of precocious puberty accom- 
panying a glioma of the third ventricle and the hypothalamus. Apart 
from the unusual clinical features, which we were able to investigate in 
considerable detail, the case is especially valuable for two reasons. First, 
so far as can be found in the literature, it is only the second case of pre- 
cocious puberty occurring with a tumor of the central nervous system 
in which opportunity was found to make complete endocrinologic studies 
with modern technics ; second, the patient survived an operation in which 
a large mass of the tumor was removed. 

We shall attempt to show from a study of our own and similar cases, 
taken in conjunction with the knowledge gained in experimental endo- 
crinology, that it is now possible to offer a reasonably valid pathophysi- 
ologic interpretation of precocious puberty when it occurs with a tumor 
of the central nervous system. Heretofore, the evidence offered to 
indicate that the hypothalamus is the critical structure involved was 
obtained from clinical and pathologic observations. While these are 
suggestive, the important physiologic link, up to the present lacking, is 
found in the endocrinologic studies made in these cases. On the basis 
of this knowledge, the explanation of the genesis of precocious puberty 
which we offer is as follows: Lesions of the posterior portion of the 
hypothalamus interrupt nerve pathways or interfere with mechanisms 
which normally inhibit and control the production and release of 


16. Berblinger, W.: Der Glandula pinealis, in Henke, F., and Lubarsch, O.: 
Handuch der speziellen pathologischen Anatomie und Histologie, Berlin, Julius 
Springer, 1926, vol. 8, pp. 681-759. 
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gonadotropic substances from the anterior lobe of the hypophysis. The 
excessive liberation of these pituitary substances stimulates the ovaries or 
the interstitial cells of the testes, as the case may be, to overproduction 
of their specific principles, the estrogenic and androgenic substances. The 
latter are the substances known to be responsible for the development 
of the secondary sexual characters. The proof of the hyperactivity of 
the anterior lobe of the hypophysis is found indirectly in the presence 
of abnormally large amounts of estrogenic and androgenic substances in 
the urine of patients with precocious puberty. The following case report 
and a résumé of the experimental knowledge concerning the role of the 
hypothalamus and the hypothalamohypophysial relations respecting 
sexual functions are offered in support of this conception. 


REPORT OF CASE 


W. K., a boy 7 years and 11 months of age, was referred to the University 
Hospital by Dr. C. Hayden Phillips, of Wilkes-Barre, Pa. The complaints, as 
stated by the parents, were vomiting, headache, mental dulling, unsteadiness of 
gait and an extraordinary physical growth and sexual development. 

The child was delivered by instruments after a normal gestation. He weighed 
7¥% pounds (3,415 Gm.) at birth. His early growth and development were normal. 
He sat up at the age of 5 months, walked at 11 months, cut his first tooth at 12 
months and talked at 18 months. A bilateral herniorraphy was performed at 
the age of 19 months. He had none of the common infectious diseases of child- 
hood. He started school at the age of 6 but spent two years in the first grade. 
His mother blames his failure to pass on some vague visual disturbance of which 
she said the boy complained. He was, however, considered to be perfectly normal 
until the onset of his present illness. 

This was ushered in approximately one year before admission to the hospital 
by a sudden and violent attack of vomiting, followed by a period of torpor and 
deep sleep which lasted for several hours. After this attack he seemed well for 
a time, but a similar episode occurred two months later. The vomiting spells 
then began to increase in frequency, usually occurring at first in the evenings 
but later during the day. In the few months before admission they were occurring 
several times daily. During this time his vision slowly failed, and shortly before 
admission he was removed from school, mainly because of his inability to read 
printing, although his vomiting and nervousness also contributed to his removal. 
The “nervousness” manifested itself two or three months before admission in a 
tremor of the hands, which gradually became more marked so that the child 
had difficulty in holding or handling objects. Along with this, his gait became 
unsteady, staggering and stumbling. Headaches, mild at first but increasingly 
severe, made their appearance four or five weeks before admission. They were 
not particularly localized to any one portion of his head. 

Although the child had been normal in size and had possessed the usual physical 
and genital attributes of a 7 year old boy, the year before admission had witnessed 
an extraordinary change in these features. The parents believe that the trans- 
formation began at about the same time as his attacks of vomiting. He started 
to grow rapidly in height, and his genitals began to enlarge. At first little atten- 
tion was paid to these phenomena since, his mother said, “he came of a large 
family.” Soon a luxuriant growth of pubic hair appeared, and his voice changed 
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from a boyish soprano to a deep, husky baritone. His penis grew large, and the 
parents became concerned at the repeated erections the boy was having. The 
mother watched him apprehensively for evidences of sexual interest in girls, but 
never witnessed any. He had never been observed to masturbate. The boy did 
not seem self conscious with respect to these changes and continued to occupy 
himself with his usual playmates and toys. As evidence that there had been no 
alteration in mental and emotional attitudes, the mother emphasized that his 
constant playmate was a 5 year old neighbor child, with whom he continued to 
play as formerly, and that his favorite toys were small trains, wagons and auto- 








Fig. 1—(a) The patient is shown beside a normal boy 7% years old. (b) The 
pubescent body contours are especially well demonstrated. The extremities are 
muscular, the feet large and strong and the genitals highly developed. 


mobiles purchased at the ten cent store. His teacher had said nothing to the 
mother which would indicate any change in his behavior, other than to complain 
that the child was dull and inattentive in class. Despite rapid growth his appetite 
had been poor. 

Physical Examination—The boy was 57.5 inches (146 cm.) tall (normal 48.5 
inches [123 cm.]) and weighed &3 pounds (37.6 Kg.). His size and unusual 
physical development can be appreciated from the photograph (fig. 1a) taken 
beside a normal 714 year old boy. The circumference of the head was 55 cm., 
that of the chest 66 cm., that of the abdomen 63 cm., and that of the hips 79 cm. 
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His torso was long in comparison with his extremities. His body and extremiti: 
had lost their childish contours and were definitely adolescent in type. His hand 
and feet were large; he wore a 5%4 shoe—‘“tnen’s size.” His legs and arms wer: 
muscular, and, though his shoulders were broad, when viewed from behind hx 
had rather feminine contours, his hips being wider than his shoulders. Ther 
was a dense growth of dark pubic hair, with a feminine escutcheon. There was 
no chest or axillary hair, but there was a fine dark mustache (fig. 2b). His 
scalp had a thick growth of hair. The genitals were large, well formed and 
comparable in development with those of a man (fig. 2a). The penis was 7.5 
cm. long and 3.75 cm. wide at the base when flaccid. The testicles were the siz 
of pecans, and the scrotum was pendant and darkly pigmented. The prostat 
gland and seminal vesicles were described by members of the department of 














Fiz. 2—(a) The enlarged view of the genitals shows the large penis and the 
dependent, pigmented scrotum. The size of the testicles almost equals that 
of a man’s. There is a thick growth of pubic hair, and the escutcheon is 
feminine in type. (b) Even in the strong light used in photographing, the pupils 
remain widely dilated. There is a dark mustache, only faintly shown. The facial 
features are more strongly formed than is usually seen at this age. 


urology as “adult in character though proportional to the patient’s size.” Seminal 
fluid obtained by massage of the prostate gland was found filled with active 
spermatozoa, similar in number, morphologic character and motility to those 
occurring in the spermatic fluid of a normal man. 

His voice was deep and baritone in pitch. The laryngeal cartilage was com- 
parable with that of a young man. The larynx was examined by members of th« 
department of laryngology, who reported: “The larynx has the characteristics 
of an adult; the contour, thickness and length of the vocal cords compare favorably 
with those of an adult male.” 
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He had 24 teeth, 12 on each jaw, and members of the dental department stated 
that this was a proper number for his age. They remarked that the only irregu- 
larity was the unusual largeness of his permanent teeth, the incisors and first 
molars being broader than the average. 

His bone age, computed from roentgen examination of his hands, wrists, feet 
and pelvis, was reported as being slightly in advance of his chronologic age, 
perhaps comparable with that of a child of 9 or 10. 

Neurologic Examination.—His gait was ataxic, wide based and unsteady. There 
were static tremors of both upper extremities and, to a lesser degree, of the lower 
extremities. There were marked dyssynergia and dysmetria associated with impair- 
ment of the performance of rapid alternate movements. There was no definite loss 
of power in any of the extremities. The reflexes were hyperactive, but there were 
no pathologic ones. Sensation was everywhere intact. The pupils were widely 
dilated and reacted promptly in accommodation and convergence but responded feebly 
to light. Ocular rotations were full in all directions. There was a slight vertical 
nystagmus on upward gaze. There was bilateral papilledema of 4 D. Vision was 
reduced to 20/200 in each eye, but the peripheral visual fields were full to form. 
The cold caloric vestibular examinations, performed by members of the department 
of otology, gave results compatible with the presence of a midline supratentorial 
lesion, possibly involving the brain stem. This opinion was based on the elicitation 
of mixed and perverted nystagmus on stimulation of both sets of canals, together 
with the presence of bilateral spontaneous past pointing. Audiometric examination 
showed loss of hearing of 22 per cent in the right ear and of 28 per cent in the left 
ear. Roentgen examination of the skull revealed evidences of increased intracranial 
pressure, indicated by widening of the suture lines, increase in the convolutional 
markings and atrophy of the dorsum sellae. 

Mental Status: Psychologic and Psychometric Studies and Behavior.—The 
child was studied in the psychologic laboratory and clinic of the University of 
Pennsylvania by Dr. Mildred Loring Sylvester; Dr. Katherine E. McBride, of 
Bryn Mawr College, also observed the child in the ward. Their findings are 
reported at some length because, except for a few instances in the literature, 
accurate testing of children with this condition has not been performed and there 
are many erroneous conceptions of their personalities and mental attributes.!7 

On the revised Stanford-Binet test the patient obtained a mental age of 6 years 
and 10 months, and an intelligence quotient of 86, which is definitely below normal. 
His memory spans were: auditory-vocal forward 4 digits, auditory reverse 3 
digits and visual 5 digits. These were considered below the average for his age. 
He was able to complete a 4 year old performance test using concrete material, 
although qualitatively the performance was poor and marked by poor discrimination 
and poor distribution of attention; however, some portion of his difficulty could 
be ascribed to muscular incoordination. He failed in a 6 year old test but was able 
to complete it on a second trial after being coached. His failures on the Stanford- 
Binet tests were largely in the field of memory. He was unable to pass all of 
the tests at the 7 year old level and passed only one test out of six at the 8 year 


17. Doe-Kulmann, L., and Stone, C. P.: Notes on the Mental Development of 
Children Exhibiting the Somatic Signs of Pubertas Praecox, J. Abnorm. & Social 
Psychol. 22: 291, 1927. Keene, C. M., and Stone, C. P.: Mental Status as Related 
to Pubertas Praecox, Psychol. Bull. 34:123, 1937. Gesell, A.; Thoms, H.; Hart- 
man, F. B., and Thompson, H.: Mental and Physical Growth in Pubertas 
Praecox: Report of Fifteen Years’ Study of a Case, Arch. Neurol. & Psychiat. 
41:755 (April) 1939. 
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old level. Members of the psychologic clinic classed him as dull normal, although 
they could not determine whether this represented deterioration due to his disease 
For the latter reservation there was some basis, since a study of his classroom 
report cards showed that in the spring semester before admission he had received 
C in spelling, reading and arithmetic, while in the fall semester he had received D's 
in the corresponding subjects. Dr. McBride found him friendly, spontaneous, coop- 
erative and attentive, though showing some difficulty in concentrating. On the 
social maturity tests using the Vineland Scale the boy gave himself a rating of 
about 7 years, but conversations with his mother pointed to the fact that during his 
illness he had come to do less and less for himself. He was normally interested 
in childish material. On the whole, he seemed like the usual boy of 8, but some- 
what more uncertain, anxious and quiet and less rather than more mature. He did 
seem to accept extensive psychologic testing better than the usual child, which 
possibly may be construed as a mark of maturity. 

In the ward he lay quietly in bed and took little interest in ward activities. He 
occasionally laughed at the other children, but took no part in their conversation 
or play. He showed no interest in girl children or in the nurses. He was not 
observed to masturbate, nor did he show any evidence of sexual excitement while 
his legs and genitals were being washed. When questioned specifically concerning 
masturbation or sexual interest he denied both, although he seemed to have a clear 
understanding of what was asked him. 

Special Tests and Observations—His basal metabolic rate, recorded on two 
occasions, was — 29 and — 30 per cent. Carefully kept records of his fluid intake 
and output showed persistently low values for both. His blood pressure varied 
between 98 systolic and 58 diastolic and 110 systolic and 70 diastolic. Temperature, 
pulse and respiratory rates were normal and agreed with one another. Blood 
studies showed red cells 4,400,000, hemoglobin concentration 85 per cent and 
white cells 6,400, with a normal differential count. The cholesterol content of 
the blood was 138 mg. per hundred cubic centimeters, the calcium content 10.4 mg. 
and the phosphorus content 5.2 mg. The fasting sugar content of his blood 
measured 60 and 68 mg. per hundred cubic centimeters on two occasions, and 
the dextrose tolerance test showed a slightly delayed fall. The figures were 68 
mg. per hundred cubic centimeters during fasting, 145 mg. at the end of one hour, 
115 mg. at the end of two hours and 96 mg. at the end of three hours. 


Endocrinologic Studies—Through Dr. Charles Mazer and Dr. S. Leon Israel, 
of Philadelphia, and Dr. Ralph Dorfman, of Yale University, we were able to 
obtain complete endocrinologic studies. 

On extraction of a twenty-four hour specimen of urine there was no demonstra- 
ble quantity of gonadotropic substance in as much as one sixth of the twenty-four 
hour specimen. The quantities of gonadotropin are not of especial importance, 
for Hamblen,1® among others,1® has pointed out that assays for gonadotropic 
substances are difficult to perform accurately and the results are unreliable. On 
two examinations with different seventy-two hour specimens, no demonstrable 
amount of active estrogen was found and only 3.0 to 3.8 rat units of inactive 
estrogens was demonstrated. These quantities were said by Dr. Mazer to be no 
more than one would expect in a person on an average diet. There were three 
estimations of androgenic substances, McCullagh’s chick technic being used. Three 
twenty-four hour specimens were obtained ten days apart. The first on analysis 


18. Hamblen, E. C.: Endocrine Gynecology, Springfield, Ill., Charles C 
Thomas, Publisher, 1939, p. 211. 
19. Mazer, C., and Israel, S. L.: Personal communication to the authors. 
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yielded 10 international units; from the second an assay was obtained of 45 inter- 
national units, and from the third, 40 international units. Since it is well known 
that the amount of androgenic substance in the urine varies widely from day to 
day, we believe these quantities to be correct for the day on which they were 
assayed, especially since double check determinations were made. 


Course —Under observation, the child gradually became duller and his neuro- 
logic disabilities increased. Operation seemed imperative. The clinical diagnosis 
was either pinealoma or teratoma of the pineal region with pubertas praecox. How- 
ever, in view of the known intracranial conditions which may simulate both the 
neurologic and the somatic phenomena, notably hydrocephalus, a ventriculographic 
examination was thought to be warranted. 

With the use of local anesthesia, both ventricles were tapped and found to be 
very large. In all, a total of 240 cc. of ventricular fluid was removed and replaced 
with an equal amount of air. Indigo carmine dye passed readily from one lateral 
ventricle to the other. Inspection of the roentgen films showed marked asymmetric 


Fig. 3—(a) The marked hydrocephalus is apparent. () The arrows indicate 
the superior margin of the tumor, which is outlined by a curved air shadow, 
probably representing the superior portion of a distorted third ventricle. 


dilatation of the lateral ventricles. The third ventricle was not visualized except 
for a small amount of air in the anterosuperior portion, which outlined a mass 
apparently occupying the posterior and inferior portion of the ventricle (fig. 3). 
These films were interpreted as revealing a large tumor involving the posterior 
portion and floor of the third ventricle and partially occluding the left foramen 
of Monro. It was also clear that the cerebrospinal outflow through the aqueduct 
was blocked. 

Operation was performed December 8, twenty-four days after admission, with 
the boy under anesthesia induced by avertin with amylene hydrate supplemented by 
local anesthesia. A large right occipitoparietal cranioplastic flap was reflected 
(F. C. G.). The bone flap was fashioned so that it crossed the midline for a 
short distance. The dura was opened from below upward until the longitudinal 
sinus was reached. The occipital lobe was then carefully retracted from the mid- 
line, and the veins crossing from the hemisphere to the longitudinal sinus were 
doubly clipped and cut. The calcarine vein, unfortunately, had to be sacrificed in 
order to free the occipital lobe from the falx. The lower margin of the falx 
cerebri containing the inferior sagittal sinus was clipped and cut and the falx slit 
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upward for several centimeters. The splenium of the corpus callosum thus expose 
appeared thin and seemed to bulge upward. The splenium was split, and the tela 
choroidea containing the two lesser veins of Galen was visualized. The tela was 
incised between the two veins and the third ventricle opened. A large reddish tumor 
filled the third ventricle and was adherent to the under side of the galenic veins 
At first glance it appeared to be encapsulated, but when dissection of the mass was 
commenced it was found to fade off into the lateral walls and floor of the third 
ventricle. During the attempt to isolate the mass from other structures, a smal! 
cyst contained within the tumor ruptured and spilled 2 or 3 cc. of yellow fluid 
The tumor appeared to be about 3 by 2 cm., although of course its true limits could 
not be seen. The larger amount of the gross tumor tissue was removed. The 





Fig. 4.—(a) The gross tumor. The ragged cavity at the inferior portion of the 
specimen marks the site of the ruptured cyst. (b) The tumor is thinly cellular 
and is apparently extremely slow growing. Cresyl violet stain. x 200. 


pineal body was not seen, but the tumor was situated anterior and inferior to 
the habenular commissure and involved mainly the floor and the inferior portions 
of the lateral walls of the ventricle. After hemostasis was secured, the ventricular 
cavities. were filled with warm Ringer’s solution and the occipital lobe replaced. 
Owing to the venostatic edema, probably consequent to ligation of the large veins 
draining into the longitudinal sinus, the occipital lobe was so swollen that the bone 
flap had to be sacrificed. A firm closure of the dura was effected, however, by 
utilizing the peticranium. 


Report of Microscopic Stwly.—The portion of tumor removed weighed 6 Gm 
(fig. 4a). The tissue appeared yellowish red after fixation. At one point was a 
small ragged cavity with brown walls which represented the ruptured cyst. On 
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microscopic examination, the tumor appeared unusual. It was composed of a 
thiniy cellular tissue with no particular architecture or arrangement of the cells. 
The nuclei were round and contained fine chromatin granules. The greater part 
of the tumor was composed of loosely woven interlacing fibers. Gold and silver 
staining methods identified the cells and fibers as glial. The tumor was so poorly 
cellular that it appeared to be a malformation rather than true neoplasm (fig. 40). 
it was similar in most respects to the tumors described by Le Marquand and 
Russell 1% and by Gross!% as hamartomas or malformations arising from the 
floor of the third ventricle. 

Postoperative Course-—The immediate postoperative course was stormy. 
Repeated ventricular taps were required to relieve intracranial pressure. The out- 
standing feature in the boy’s immediate postoperative condition was the extreme 
rapidity of the pulse without a corresponding increase in the temperature. Blood 
lost during the operation had been adequately replaced by several transfusions. 
Aside from the rapidity, the pulse rate lost all relation to the temperature and 
went up or down independently of the temperature. In the first forty-eight hours 
the pulse rate varied between 120 and more than 200, although the temperature 
ranged only between 100 and 103 F. This curious phenomenon was interpreted as 
due to the release of uninhibited sympathetic mechanisms following manipulations in 
the floor of the third ventricle. Ten milligrams of acetylbetamethylcholine hydro 
chloride (mecholyl chloride) given intravenously reduced the heart rate to 8 within 
one minute, thus proving at least that the peripheral parasympathetic mechanisms 
were still responsive to parasympathicomimetic stimulation. However, from the time 
of operation until discharge, two months later, the pulse rate remained out of pro- 
portion to the temperature and showed no correspondence with it. 

The boy gradually improved and on the fourth day was conscious and fairly 
responsive. From this time progress was rapid, and by the end of two weeks he 
was up in a wheel chair. His behavior about this time is worthy of comment. 
Whereas before the operation he was tractable, quiet and customarily well behaved, 
afterward he became resistive and had violent temper tantrums whenever he was 
fed or bathed. He would strike the nurses, fight attempts to handle him and 
curse the nurses with obscene language. During this interval he was observed to 
masturbate frequently but ceased when reprimanded. When quizzed about his 
motives for such action, he admitted that it gave him pleasurable sensations 
and made him “feel better.” No sexual fantasies could be elicited. He had, more- 
over, no sexual interest in his female attendants, or at least gave no evidence of it. 
The violent, impulsive, unrestrained behavior gradually quieted, and he returned 
after a few weeks to his preoperative state. After recovery from the operation he 
had left hemiplegia and left homonymous hemianopia. His pupillary reactions 
remained the same as previously. There was a static tremor of the right extremi- 
ties, associated with marked incoordination. Intensive roentgen therapy was 
administered over a period of one month. A total of 5,550 r was given, of which 
2,700 r was calculated as the effective tumor dose. There was considerable 
improvement in his neurologic status after roentgen treatment. At the time of 
discharge he was able to perform all but finger movements with his left hand, 
although there was still marked weakness. He was unable to walk, although he 
could stand when supported. The left homonymous hemianopia remained. Vision 


19a. Le Marquand, H. S., and Russell, D. S.: A Case of Pubertas Praecox 
(Macrogenitosomia Praecox) in a Boy Associated with a Tumour in the Floor of 
the Third Ventricle, Roy. Berkshire Hosp. Rep., 1934, p. 31. 

19b. Gross, R. E.: Neoplasms Producing Endocrine Disturbances in Childhood, 
Am. J. Dis. Child. 59:579 (March) 1940. 
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was fairly good; he was able to read headlines and very large print. The papill- 
edema had disappeared, and there was early optic atrophy. The static tremors 
and incoordination of the right extremities showed no improvement. He was 
cooperative, cheerful and well behaved, although somewhat duller than on admission. 
His height on discharge was 60.25 inches (183 cm.), which represented a growth 
of 2.7 inches (6 cm.) in. two and a half months. There had been no change in 
his secondary sexual characters. 
COMMENT 


Although there are many points of clinical interest that merit con- 
sideration, comment will be chiefly confined to the pathologic, physio- 
logic and endocrinologic aspects of the case, especially those relevant to 
experimental knowledge concerning the integrations of the hypothalamo- 
hypophysioendocrine mechanisms. 

The clinical features of our case did not emphasize the involvement 
of the hypothalamus. This is not particularly astonishing in light of the 
observation during the operation that the tumor largely involved the pos- 
terior segment of the hypothalamus. Such vegetative symptoms as 
somnolence, adiposity, diabetes insipidus and polyphagia, by which a 
hypothalamic tumor may be recognized, are largely referable to implica- 
tion of the anterior portion of the hypothalamus. The patient in our case 
showed none of these symptoms. In fact, intake and excretion of fluid 
were inordinately low. The patient in a similar case reported by Gross 
also showed marked and persistent oliguria. As one glances over the table 
listing the collected cases one is struck by the fact that in only 5 were there 
symptoms commonly thought to be “hypothalamic,” although there was 
in every case more or less damage to the floor of the third ventricle. 
The functions of the posterior portion of the hypothalamus are still 
obscure, although responses mimicking excitation of the sympathetic 
nervous system may be obtained by stimulation and the region appears 
to be concerned with the preservation of body heat. On the other hand, 
after an operation which entailed considerable manipulation within the 
third ventricle, there developed in our patient an unusually rapid pulse 
rate which was dissociated from the temperature, a phenomenon to 
which Strauss and Globus * have called attention as associated with 
hypothalamic tumors. Further, there developed in the child curious 
behavioral alterations, consisting of violent rages and unrestrained con- 
duct, which have also been noted in cases of hypothalamic tumors by 
Alpers ** and others. Nevertheless, the boy did not show evidences of 
postoperative diabetes insipidus, adiposity or somnolence, which sug- 
gested that the anterior portion of the hypothalamus was not injured. 
The available observations indirectly point to predominant involvement 


20. Strauss, I., and Globus, J. H.: Tumor of Brain with Disturbance in Tem- 
perature Regulation, Arch. Neurol. & Psychiat. 25:506 (March) 1931. 

21. Alpers, B. J.: Relation of Hypothalamus to Disorders of Personality: 
Report of a Case, Arch. Neurol. & Psychiat. 38:291 (Aug.) 1937. 
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of the posterior part of the hypothalamus. Our reasons for stressing 
this point and its relation to sexual precocity will be mentioned later. 
In this boy, all the physical attributes of puberty, if not of adulthood, 
were present. Of particular interest was the presence of seminal fluid 
containing a full complement of motile spermatozoa. This indicates, 
according to well established concepts, that the gonadotropic principle 
of the anterior lobe of the pituitary (the follicle-stimulating factor) was 
present in sufficient amounts to stimulate the spermatogenic cells of the 
testes to mature activity. What is even more significant is the proof of 
the activity of the testicular interstitial cells evidenced by the adult 
amounts of androgenic substance assayed in the urine. The interstitial 
cells, known to be responsible for the elaboration of the androgens which 
promote the secondary physical attributes of sexuality, are dependent 
for their stimulation and activation on the presence of the second prin- 
ciple from the anterior lobe of the pituitary, the luteinizing gonadotropic 
factor. Thus there is excellent indirect evidence that the anterior lobe 
of the hypophysis was releasing excessive quantities of the gonad-stimu- 
lating substances. Whereas the urine of the patient in our case contained 
as high as 45 international units of an androgen per twenty-four hour 
specimen, the normal excretion of androgen in an 8 year old boy is, 
according to Nathanson, Towne and Aub,** 6.0 to 9.9 international 
units daily. 


REVIEW OF THE LITERATURE 


Review of Pathologic Data on Hypothalamic Lesions and Precocious 
Puberty—At the onset the proposal was submitted that precocious 
puberty occurring with tumors of the brain, long thought to be con- 
nected with an alleged disturbance of the pineal body, is but a variant 
of hypothalamic sexual disturbances. This conception, suggested on 
clinical and pathologic grounds, was first voiced by Bailey and Bremer,** 
who wrote, apropos of pineal tumors and hypergenitalism: “The fact 
that these troubles [hypergenitalism] may be due to pressure on neighbor- 
hood centers is well shown by the constant occurrence of symptoms due 
to various lesions of the brain...” Bing, Globus and Simon,'** who 
recently collected and analyzed the cases in the literature, pointed out 
that in cases of pinealomas or teratomas of the pineal region the hypo- 
thalamus was invariably involved to some extent, usually a considerable 
one, and that in 70 per cent of the cases there were obvious symptoms 
of such involvement, namely, diabetes insipidus, polyphagia, adiposity, 
somnolence or disturbances in temperature. They also commented on 
the fact, as others have, that pineal tumors may occur in children 





22. Nathanson, I. T.; Towne, L. E., and Aub, J. C.: The Daily Excretion of 
Urinary Androgen in Normal Children, Endocrinology 24:335, 1939. 

23. Bailey, P., and Bremer, F.: Experimental Diabetes Insipidus, Arch. Int. 
Med. 28:773 (Dec.) 1921. 
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without causing pubertas praecox. Furthermore, there are many 
accounts in the literature of autopsies performed on children in whom 
the pineal body was found to be absent, atrophic, degenerated, calcified 
or destroyed by a cyst ** but in whom there had been no evidence of 
precocious puberty. This array of negative evidence against the partici- 
pation of the pineal body itself in the syndrome of pubertas praecox, 
while strongly suggestive, is not conclusive. More important, and 
certainly more convincing, are those cases of precocious puberty asso- 
ciated with various lesions in the hypothalamus and the third ventricle 
in which the pineal body was unaffected. Precocious puberty has been 
observed in association with hydrocephalus in which the third ventricle 
was subjected to marked distention from aqueductal block,”* following 
encephalitis lethargica,”* in which the main site of inflammation is in the 
diencephalon, and following tuberculous *’ or syphilitic meningoen- 
cephaloependymitis. In cases of the last condition histologic studies 
demonstrated proliferating ependymitis of the floor and walls of the 
third ventricle. It has also been reported in connection with a heterog- 
enous group of cerebral diseases, such as postmeasles encephalomyelitis,”* 
degenerative encephalopathies *° and nonspecific inflammations of the 


24. Laignel-Lavastine, M.: Anatomie pathologique de la glande pineale, 
Encéphale 16:225, 1921. Lord, J. R.: The Pineal Gland: Its Normal Structure; 
Some Remarks on Its Pathology; a Case of Syphilitic Enlargement, Tr. Path. 
Soc. London 50:18, 1899. Krabbe. Schnepf and Marburg, cited by Ewing, J.: 
Neoplastic Diseases, ed. 2, Philadelphia, W. B. Saunders Company, 1922 
Schearer, G.: Enlargement of the Pineal Gland and Sclerosis of the Brain, Edin- 
burgh M. J. 24: 297, 1875. 

25. (a) Neale, A. V.: Precocious Puberty with a Report on a Case of Pineal 
Syndrome, Arch. Dis. Childhood 13:241, 1938. (b) Egas Moniz and Almeida 
Lima: Paraplégie et macrogénitosomie précoce dans un cas d’hydocéphalie con- 
génitale avec os du crane épais, Rev. neurol. 1:693, 1932. (c) van der Scheer, 
W. M.: Clinical Syndromes of the Pituitary Hypothalamic Connections, Psychiat. 
en neurol, bl. 6:753, 1939. 

26. (a2) Wimmer, A.: Chronic Epidemic Encephalitis, London, W. Heinemann, 
1924, p. 82, case 14. (b) Cited by van der Scheer.25¢ (c) Stern, cited by 
Wimmer.262 (d) Lhermitte, J.: Macrogénitosomie précoce, hallucinations et nar- 
colepsie dans un cas d’encéphalite épidémique, Rev. neurol. 1:65, 1938. 

27. Poos, F.: Ueber eine seltene, chronische Verlaufsform tuberculéser Meningo- 
Encephalitis im Kindesalter mit Pubertas praecox, Stauungspapille und bitem- 
poraler Hemianopsie, Klin. Monatsbl. f. Augenh. 95:537, 1935. 

28. Ford, F. R., and Guild, H.: Precocious Puberty Following Measles 
Encephalo-Myelitis and Epidemic Encephalitis, Bull. Johns Hopkins Hosp. 60:192, 
1937. 

29. Fiszhaut-Zeldowicz, L.: Macrogénitosomie précoce chez un enfant atteint 
d’encéphalopathie chronique diffuse, Rev. neurol. 72:188, 1939. Lhermitte, J.: 
Macrogénitosomie précoce, ibid. 69:380, 1938. Cornil, L., and Kissel, P.: Macro- 
génitosomie précoce. Arriération mongoloide. Adénomes sébacés du visage, ibid. 
1:86, 1930. 
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brain.** While autopsy protocols are largely wanting in cases of the last 
group, the patients in a number of the cases presented symptoms referable 
to injury of the hypothalamic vegetative mechanisms. 

Far more significant for our purposes is the small group of cases of 
tumors which have mainly or wholly implicated the hypothalamus, 
spared the pineal body and yet produced precocious puberty. We have 
been able to cull 15 such cases from the literature, in addition to our 
own.*: It is particularly these to which we shall direct attention, because 
they form the first substantial link in the chain of evidence pointing to 
precocious puberty as a hypothalamic syndrome. In scanning the table, 
in which are listed the salient features of the collected cases, one is 
struck by the fairly sharp localization of most of the tumors. Except in 
the 4 cases of suprasellar tumor, the neoplasms predominantly involved 
the posterior portion of the floor of the third ventricle. Repeatedly the 
mamillary bodies were described as involved or destroyed. In the 
cases of Heuyer, Lhermitte, de Martel and Vogt,*'* in the case reported 
by Le Marquand and Russell *" and in that described by Krabbe,*™ 
the tumors were so small and so restricted to the mamillary bodies that 
they may almost be compared to experimental lesions. Driggs and 
Spatze *™ reported an exceptionally well studied case in which a small 
tumorous malformation, the size of a cherry stone, hung from the floor 
of the third ventricle between the mamillary bodies and the tuber 
cinereum. In‘the cases of Dew,*'* Vickers and Tidswell ** and 


Wieland,*’* the tuber cinereum and the infundibulum were involved in 


30. Schlesinger, B.: Hydrocephalus with Precocious Puberty Following Post- 
Basic Meningitis, Proc. Roy. Soc. Med. 28:149, 1934. 

31. (a) Krabbe, K. H.: La sclérose tubéreuse du cerveau et I’hydrocéphalie 
dans leurs rélations avec la puberté précoce, Encéphale 17:281, 1922. (hb) 
Schmalz, A.: Ueber einen Fall von Hirntumor mit Pubertas praecox, Beitr. z. 
path. Anat. u. z. allg. Path. 73:168, 1925. (c) Wieland, E.: Macrogenitosomia 
Praecox bei 4%4jahrigen Knaben mit Carcinom des dritten Hirnventrikels und 
intakter Zirbeldriise, Praxis (pt. 2) 17:9, 1928. (d) Horrax, G., and Bailey, P.: 
Pineal Pathology [case 3], Arch. Neurol. & Psychiat. 19:394 (March) 1928. 
(e) Heuyer, G.; Lhermitte, J.; de Martel, J., and Vogt, C.: Un cas de macro- 
génitosomie précoce liée a un ependymogliome de la région mamillo-tubérale, Rev. 
neurol. 2:194, 1931. (f) Dew, H. R.: The Simulation of Pituitary Disease by 
Intracranial Lesions, M. J. Australia 2:771, 1932. (g) Vickers, W., and Tidswell, 
F.: A Tumor of the Hypothalamus, ibid. 2:116, 1932. (h) Frazier, C. H.: 
Lesions in and Adjacent to the Sella Turcica [case 8], Am. J. Surg. 16:199, 1932. 
(7) Le Marquand and Russell.1% (j) Saar, H.: Pubertas praecox bei Gliom 
des Zwischenhirnes: Ein Beitrag zur Frage der innersekretorischen Funktion der 
Zirbeldriise, Frankfurt. Ztschr. f. Path. 50:451, 1937. (k) Ford, F. R.: Diseases 
of the Central Nervous System in Infancy, Childhood and Adolescence, Springfield, 
Ill., Charles C. Thomas, Publisher, 1937, p. 687. (/) Bailey, P.; Buchanan, D. N., 
and Bucy, P. C.: Intracranial Tumors of Infancy and Childhood, Chicago, Uni- 
versity of Chicago Press, 1939, cases 68 and 91. (m) Driggs, M., and Spatze, H.: 
Pubertas Praecox bei einer hyperplastichen Missbildung der Tuber cinereum, 
Virchows Arch. f. path. Anat. 305:567, 1939. (n) Gross.1% 
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addition to the mamillary bodies, although the latter in each instance 
were spoken of as destroyed or obliterated. In 12 of the 15 cases the 
pineal body was specifically reported as normal. In 3 cases, while no 
information was given, the nature of the tumor (suprasellar cranio- 
pharyngioma and teratoma) largely precluded the likelihood of the pineal 
body being involved. In our own case we cannot be positive on this 
point, but our findings during the operation led us to believe that the 
tumor was situated anterior and inferior to the pineal body. Buescher * 
was the first to call attention to the relation of the region of the mamillary 
bodies to sexual function. Heuyer, Lhermitte, de Martel and Vogt *** 
also suggested on pathologic grounds that lesions of the mamillary 
bodies might be significant in the production of precocious puberty, 
although their hypothetic pathophysiologic explanation was not con- 
vincing. While the exact structures, pathways or mechanisms involved 
are still unknown, a summary of the pathologic evidence as obtained 
from the study of hypothalamic tumors, points to the posterior portion 
of the hypothalamus as the critical area involved in the production of 
precocious hypersexuality. It seems more than coincidental that pineal- 
omas or teratomas of the pineal region impinge on or first infiltrate 
precisely this area. Teratomas of the pineal region are more commonly 
associated with pubertas praecox than are primary pineal tumors.*° 
Teratomas which exist from birth have the advantage of time in pro- 
ducing their pathologic effects on the hypothalamus and, moreover, 
exert these effects while the person is young. The tumors of the 
posterior region should be contrasted with those of the anterior portion 
of the hypothalamus, which result in sexual dystrophy and hyposexuality. 

The physiologic explanation, however, of hypergenitalism, as well as 
of hypogenitalism, associated with hypothalamic lesions has awaited 
researches in experimental neuroendocrinology. Though the literature 
is rich in pathologic and experimental observations on the sexual 
changes following destructive lesions in the hypothalamus,* less is known 
concerning the locus of the neurosexual mechanisms and their mode of 
action in the intact or nearly intact organism. Recent experimental 
work, however, has thrown considerable light on these matters. We 
feel that it is now possible to assemble sufficient data to offer a reason- 


32. Buescher, J., in Miller, L. R.: Die Pathologie der Nervenversorgung der 
Sexual Organe: Die Lebensnerven, Berlin, Julius Springer, 1924, p. 338. 

33. Bochner, S. J., and Scarff, J. E.: Teratoma of the Pineal Body: Classifica- 
tion of the Embryonal Tumors of the Pineal Body; Report of a Case of Teratoma 
of the Pineal Body Presenting Formed Teeth, Arch. Surg. 36:303 (Feb.) 1938. 

34. (a) Cushing, H.: Pituitary Body, Hypothalamus and Parasympathetic 
Nervous System, Springfield, Ill., Charles C. Thomas, Publisher, 1932. (b) Camus, 
J., and Roussy, G.: Polyurie expérimentale permanente (diabete insipide), Compt. 
rend. Soc. de biol. 83:764, 1920. (c) Aschner, B.: Ueber die Funktion der Hypo- 
physe, Arch. f. d. ges. Physiol. 146:122, 1912. 
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able physiologic explanation for and to elucidate the pathogenesis of 
precocious puberty accompanying a hypothalamic tumor, as well as to 
explain by analogy the phenomenon when it occurs with other conditions 
affecting this region. This involves consideration of the physiologic evi- 
dence linking the hypothalamus with the pituitary body and the pituitary 
body in turn with the gonads, secretion of potent hormonal substances 
from which ultimately produces the secondary sexual characters. 

Review of Data Concerning the Role of the Hypophysis in Pre- 
cocious Puberty and Its Association with Gonadal Functions.—Ilt was 
stated earlier that while precocious puberty has never with certainty 
been produced by manipulations of the pineal body or injections of its 
extracts, it has for many years been produced with extracts of the 
anterior lobe of the pituitary gland. Smith * made the observation a 
number of years ago that daily homoplastic transplants of the pituitary 
gland from adult rats into immature female rats caused sexual precocity, 
the rats reaching sexual maturity in half the expected time. A _ short 
time later Smith ** was able to prove that transplantation of the anterior 
lobe only was essential. These fundamental discoveries have since been 
confirmed by many workers and form the starting point of modern 
endocrinologic knowledge. In 1928 Aschheim and Zondek ** found that 
the anterior lobe of the pituitary gland in the female animal contained 
two hormonal fractions, one of which (the follicle-stimulating factor ) 
caused the ripening of the ovarian follicle and the other (the luteinizing 
factor) resulted in the formation of the corpus lutem. To make a long 
story short, it is now known that the same two fractions exist in the 
pituitary gland of the male animal, the follicle-stimulating factor pro- 
moting the process of spermatogenesis and the luteinizing factor activat- 
ing the interstitial cells of the testes. In males, as in females, injections 
of extracts from the anterior lobe of the pituitary body into immature 
animals causes swift development of the sexual accessories, accompanied 
by hypertrophy of the interstitial testicular cells.** The ovaries of the 
females and the interstitial cells of the males in turn elaborate the 
estrogenic and androgenic substances, respectively, which promote the 

35. Smith, P. E., and Engle, E. F.: Experimental Evidence Regarding the Role 
of the Anterior Pituitary in the Development and Regulation of the Genital System, 
Am. J. Anat. 40:159, 1927. 

36. Smith, P. E.: The Induction of Sexual Precocity by Pituitary Homeo- 
Transplants, Am. J. Physiol. 80:114, 1927. 

37. Aschheim, S., and Zondek, B.: Schwangerschaftsdiagnose aus dem Harn 
(durch Hormonnachweis), Klin. Wehnschr. 7:8, 1928. Zondek, B.: Das 
Stellung des weiblichen Sexualhormons aus dem Harn, insbesondere dem Harn 
von Schwangeren, ibid. 7:485, 1928. 

38. Greep, R. O.: Pituitary Regulation of the Male Gonad, in Cold Spring 
Harbor Symposia on Quantitative Biology, Cold Spring Harbor, L. I., New York, 
The Biological Laboratory, 1937, vol. 5, p. 136. 
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development of the secondary sexual characters, as well as general 
somatic growth. Thus it comes to pass that normal sexual maturity 
results primarily from the secretion of the hypophysial gonadotropic 
substances and, further, that sexual maturity may be hastened by the 
forced administration of these substances. Moore ** has pointed out that 
in the male, also, the testes may respond to the stimulation by forced 
administration of anterior pituitary extracts long before the phases of 
maturity of the organism would normally bring them into activity. This 
brief review of the pituitary-gonadal physiology, so easy in the telling, 
though requiring years of labor to elucidate, explains the effect on human 
beings, particularly the male, of large doses of gonadotropic substances 
from the anterior lobe. In 1938 Thompson and Heckel *° reported that 
during the treatment of undescended testicles by the repeated administra- 
tion of anterior-pituitary-like principles obtained from the urine of 
pregnant women, in more than half of the young boys thus treated 
evidences of precocious puberty developed. In the cases of 2 boys this 
was striking ; in both of the boys, 6 and 9 years old, respectively, large 
genitals developed, a heavy growth of pubic hair appeared and a decided 
increase in weight and height occurred. Their voices changed ; they had 
frequent penile erections, and they began to masturbate. This remark- 
able result demonstrates with all the precision of a laboratory experi- 
ment the effect of anterior pituitary hormones on sexual and somatic 
development in the human being. In man one can estimate the function 
of the anterior lobe of the pituitary body indirectly by quantitative 
determinations of the androgenic or estrogenic substances in the urine. 
It is not practicable, at present, to determine it directly by assays 
of the gonadotropic substances in the urine of normal males or non- 
pregnant females.'* 

It has been frequently commented on that tumors of the pituitary body 
have never been observed in cases of precocious puberty. This observa- 
tion is undoubtedly true with respect to the chromophobic adenomas, 
in which the active cells of the anterior lobe are compressed and destroyed 
by the hyperplasia of the inactive chromophobic elements. On the other 
hand, a marked intensification of libido and virility, as well as an over- 
development of the sexual characteristics, has been noted early in the 
course of acromegaly. These changes, observed by Cushing,*! Cushing 


39. Moore, C. R.: Testes Hormone Secretion and Some Effects of the Hormone 
in the Organism, in Cold Spring Harbor Symposia on Quantitative Biology, Cold 
Spring Harbor, L. I., New York, The Biological Laboratory, 1937, vol. 5, p. 115. 

40. Thompson, W. O., and Heckel, N. J.: Precocious Sexual Develop- 
ment from an Anterior Pituitary-Like Principle, J. A. M. A. 110:1813 (May 28) 
1938. 

41. Cushing, H.: The Pituitary Body and Its Disorders, Philadelphia, J. B 
Lippincott Company, 1912. 
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and Davidoff *? and Severinghaus,** have been correlated with an increase 
in the gonad-stimulating substances in the urine, presumably due to the 
hyperplasia of the eosinophilic cells. The eosinophilic cells, it is generally 
suspected, are responsible for the gonadotropic substances.** One may 
mention still another line of evidence that bears directly on the hypothal- 
amohypophysial hormonal relationships. There are rare cases in which 
acromegaly has occurred without the presence of an eosinophilic adenoma. 
Cases of such a condition, probably dependent on overfunctioning of 
the normal complement of eosinophilic cells, although hyperplasia occurs 
in some instances, have been observed after encephalitis lethargica ** or 
after the development of hydrocephalus.** There is ample reason to 
think that in both these pathologic conditions the walls and the floor 
of the third ventricle have been injured. In this connection it is interest- 
ing to cite the work of Kraus,** who investigated the effect of increased 
intracranial pressure on the endocrine system. He found that when there 
was no destruction of the hypothalamus, hypophysis or infundibulum, 
although the walls of the third ventricle might be thinned from pressure, 
the pituitary glands when assayed biologically by their effect on imma- 
ture mice showed a 60 per cent increase of the follicle-stimulating factor 
in females. The Aschheim-Zondek test gave a positive reaction of | 
plus to 3 plus. Several males showed an increase in the follicle-stimu- 
lating factor. Henderson and Rowlands,** who repeated this work in 
part, could not verify it, although they expressed the opinion that the 
hormonal content of such pituitary glands was more variable than 
normal. 








42. Cushing, H., and Davidoff, L. M.: The Pathological Findings in Four 
Autopsied Cases of Acromegaly with a Discussion of Their Significance, Mono- 
graph 22, Rockefeller Institute for Medical Research, 1927, p. 121. 

43. Severinghaus, A. E.: Cellular Changes in the Anterior Hypophysis with 
Special Reference to Its Secretory Activities, Physiol. Rev. 17:556, 1937. 

44. Bremer, cited by Bailey, P.: Die Funktion der Hypophysis cerebri, Ergebn. 
d. Physiol. 20:163, 1922. Gans and Erdheim, cited by van der Scheer.25¢ Asch- 
ner.34¢ 

45. Pollak, F.: Zur Frage der cerebralen Trophik: Klinische Erfahrungen bei 
Morbus Reynaud, einseitigem Uberwachstum der Extremitatenenden (O. Fisher), 
systemisierter Hemiatrophie und Hemihypertrophie, Arch. f. Psychiat. 89:788, 1930. 
Sacchetti, N.: Funzione del diencefalo e sviluppo dell 'acromegalie, Riv. di pat. 
nerv. 44:433, 1934. Rosenstein: Acromégalie sans tumeur de l’hypophyse, Thesis, 
Paris, 1929; cited by van der Scheer.?5¢ 

46. Kraus, E. J.: Hypophyse und Ovarien bei chronischem Hirndruck, Med. 
Klin. 27:547, 1931; Ueber Veranderungen der Hypophyse bei chronischem Hirn- 
druck, Ztschr. f. d. ges. Neurol. u. Psychiat. 146:548, 1933. 

47. Henderson, W. R., and Rowlands, I. W.: The Gonadotropic Activity of the 
Anterior Pituitary Gland in Relation to Increased Intracranial Pressure, Brit. M. 
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All these data suggest that hypothalamic lesions under certain cir- 
cumstances may excite the anterior lobe of the pituitary gland to release 
abnormally large amounts of gonadotropic substances, which ultimately, 
through the intermediation of the gonads, result in premature growth 
of the secondary sexual characters. Proof of this final result, if not of 
the primary stimulus, should be expected in an increased excretion 
of estrogenic or androgenic substances in cases of precocious puberty 
due to hypothalamic tumors. Besides the report of our own case, in 
which the excretion of androgen attained an adult level and thus ful- 
filled the expectation, there are two other valuable studies in the 
literature. In Gross’s **" case of a 26 month old girl with marked pre- 
cocious puberty due to a verified tumor in the posterior portion of the 
floor of the third ventricle, estrogenic assays on successive days yielded 
the following results: 405, 324, 648, 36, 175, 270 and 12 international 
units. The normal woman excretes between 50 and 600 international 
units daily, so that in this case the excreted quantities were comparable 
with those of a woman. Horrax ** reported a case of pubertas praecox 
in a 10 year old boy who showed high development of the sexual 
attributes. The diagnosis was not histologically verified, but the ventric- 
ulographic study demonstrated a large mass in the posterior portion 
of the third ventricle. Ten cubic centimeters of the boy’s urine injected 
into a capon produced growth of the comb, spurs and tail plumes. This 
result from such a small amount of urine indicates a large excretion of 
androgen. 

Further studies along this line are urgently needed. If one may be 
permitted, however, to draw any conclusions from so few data, the 
evidence suggests that precocious puberty results primarily from an 
increased functioning of the hypophysis and that, further, this hyper- 
function may be produced pathologically early in life by hypothalamic 
influences mediated through the anterior lobe of the pituitary gland. 
Following this line of reasoning, we are brought to a consideration of 
the hypothalamohypophysial relationships as regards normal sexual 
function. 

Review of the Data Concerning the Regulation of the Hypothalamo- 
hypophysial Sexual Mechanisms——Though many clinical and experi- 
mental observations attest to the effects of destructive lesions on the 
hypothalamus with respect to sexual function, little has been known until 
recently concerning the approximate localization of the integrating 
mechanisms and their mode of functioning. Current research has 
attacked the problem along two lines: (1) the determination of the 
locus of the sexual integrating mechanisms in the hypothalamus and 


48. Horrax, G.: Further Observations on Tumor of the Pineal Body [case 2], 
Arch. Neurol. & Psychiat. 35:215 (Feb.) 1936. 
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2) the functional and neural connections between the hypothalamus 
ind the hypophysis which mediate sexual influences. 

The localization of the sexual centers in the hypothalamus has been 
pursued with both ablation and stimulation technics. Marshall and 
Verney *® showed that stimulation of the brain stems of female rabbits 
produced ovulation and the changes of pseudopregnancy. Haterius and 
Derbyshire,®® attempting to localize this response more accurately, were 
able to produce ovulation in the rabbit by direct electric stimulation of 
the hypothalamus, obtaining the positive responses largely from the 
anterior portion of the hypothalamus. Harris," using a different type 
of current, obtained the same results but was also able to cause ovulation 
by stimulation of the posterior portion of the hypothalamus just rostral to 
the red nucleus. Recently Benoit and Kehl * reported interesting experi- 
ments in which they produced rapid testicular growth in drakes by the 
direct application of light to the hypothalamus. Other investigators 
have attacked the same problem somewhat indirectly by attempting 
to localize the mechanisms responsible for the integration of the motor 
patterns of mating and estral behavior. Bard ** found that estral mating 
behavior patterns in the cat survived complete decortication. In further 
experiments, Dempsey and Rioch ** found that estral behavior survived 
transections of the brain stem as long as the transections were made 
anterior to the mamillary bodies. Sections posterior to these structures 
abolished estral behavior. They concluded that the essential part of the 
mechanism integrating mating behavior is located between the anterior 
margins of the mamillary bodies and rostral to the intercollicular level. 
In pointing out the sites of the tumors accompanied by pubertas praecox, 
we have called attention to the repeated implication of the region of 
the mamillary bodies in reported cases. In view of the experimental 
work just cited, this association acquires an added significance. How- 
ever, in the cases in man it was this region that was injured. While 
this may seem to be contradictory evidence, actually such is not the case. 
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It is improbable that such a highly complicated mechanism can be 
explained in simple terms of ablation. If, as we suspect, this region is 
actively concerned with the production of precocious puberty, the phe- 
nomenon may result from the destruction of some tract or the inhibition 
of some mechanism which ordinarily checks the rate or intensity of 
impulses passing to the pituitary gland. This appears more logical and 
more in keeping with accepted conceptions of “release phenomena” than 
to imagine that a destructive lesion causes stimulation through irritation. 

Further indication of the importance of this general area in relation 
to sexual activities is the observations of Brooks.®** He found that 
while mating activity in the rabbit survived complete decortication, it 
was abolished by decortication plus removal of the olfactory bulbs. This 
suggests that mating depends in some way on or is in part a function 
of olfaction. One has only to recall in this connection that the mamillary 
bodies are important centers in the olfactory pathways. 

The functional and neural relations of the hypothalamus to the 
posterior lobe of the pituitary gland are now a matter of common know!l- 
edge. Less clear at present are those between the hypothalamus and 
the anterior lobe of the pituitary, though there can hardly be any 
doubt of their presence. Endocrinologic research is gradually accumulat- 
ing information of the relations between these two structures with regard 
to sexual functions. A number of years ago Fee and Parkes * dis- 
covered that rabbits, a species which requires copulation in order to 
ovulate, did not ovulate if hypophysectomized and decerebrated within 
an hour after copulation. If decerebration was delayed for more than 
an hour, ovulation went on to completion. This indicates that the act 
of mating sets into action emotional excitatory impulses which in some 
way cause release of gonad-stimulating substances from the anterior lobe 
of the pituitary gland. These, as Cushing *’ pointed out, could scarcely 
be discharged except through the intermediation of the diencephalon. 
Since then experiments have been designed to show the influence of the 
hypothalamus in either initiating or relaying impulses to the cells 
releasing gonadotropic substances from the anterior lobe of the pituitary 
gland. Westman and Jacobson ** found that ovulation experimentally 
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produced by electrical stimulation of the brain could be abolished by 
transection of the hypophysial stalk if performed within an hour after 
stimulation. They concluded that the failure of ovulation was due to 
interruption of central impulses normally passing through the hypo- 
physial stalk. Brooks ** investigated this functional connection with 
great care and found that female rabbits permanently failed to ovulate 
or to become pregnant, though they repeatedly mated, after transection 
of the pituitary stalk. Haterius,°° reviewing the evidence bearing on 
the cause of this behavior, showed that such stalk-transected animals 
remained in constant estrus; however, ovulation did not occur because 
the luteinizing factor was absent in these isoiated pituitary glands. He 
concluded that loss of the neural control prevents release of the luteiniz- 
ing factor. Ingram,** on the other hand, found that cats in which the 
hypothalamohypophysial connections had been injured did not enter into 
estrus. Brooks and Lambert ** also stated in a later paper that the 
amount of gonadotropic substances in the pituitary glands of stalk-cut 
female rabbits was normal. The failure of the ovulatory mechanism thus 
depends on the interruption of the hypothalamohypophysial connections. 
Male rabbits, however, continued in most instances to show normal 
libido after transection of the stalk. 

Though the functional association of the hypothalamus with the 
anterior lobe of the hypophysis seems clear, the presence of anatomically 
demonstrable nerve connections between the two is in dispute. Croll ®* 


and Brooks ** both described nerve fibers passing from the infundibular 
stalk into the pars distalis, but Hair and Mezen** and Rasmussen * 
denied that this is so. Hair, however, traced a thin distribution of fibers 
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into the pars tuberalis. Further, he claimed that some of the fibers from 
the infundibular stalk join company with the sympathetic fibers in the 
capsule of the gland, which are derived from the pericarotid plexus, 
and run with them into the pars distalis. Brooks,®* in support of his 
contention of a direct hypothalamohypophysial innervation, described 
clearcut changes in the cells of the pars distalis after section of the 
stalk. It has also been shown that destruction of the sympathetic chain, 
the pericarotid terminations of which are the only other known innerva- 
tion of the pituitary gland, does not interfere with ovulation in the 
rabbit.*° 

Whether the nerve impulses from the hypothalamus are delivered 
to the pars distalis directly through neural connections or by way 
of an intermediate neurohumoral transmission, as some writers have 
suggested, the bulk of the available evidence points to an intimate func- 
tional and reciprocal relation between the two structures in the activation 
of the sexual neuroendocrine mechanism. 

There are certain observations, however, not altogether compatible 
with the evidence cited which tend to show that the problem has many 
complexities not as yet elucidated. We refer especially to a remarkable 
case in which Dandy ® deliberately severed the hypophysial stalk in a 
young woman to gain better exposure of the chiasmal region in search of 
a tumor. No tumor was found, however. After this procedure she 
menstruated regularly and delivered 2 normal children. Perhaps the 
pars tuberalis with its known hypothalamotuberal connections may 
in the human being carry on sexual functions after the pars dis- 
talis is separated from the hypothalamus. This may possibly explain 
the occasional persistence of menstruation in women suffering from 
chromophobic adenomas, in which the functional cells of the anterior 
lobe of the pituitary gland are presumably destroyed. We have several 
such instances in our collection of cases of pituitary adenomas. It may 
even be conceivable that the hypothalamus under certain conditions 
may carry out certain functions now assigned to the pituitary body, 
since it has been amply demonstrated by Dandy and Reichert,** among 
others, that animals may live fur years after total hypophysectomy. 
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The Role of Sex in the Occurrence of Precocious Puberty.— 
Numerous authors have reiterated the statement that precocious puberty 
due to tumors of or to tumors in the region of the pineal body does not 
occur in females. In point of fact, Frankl-Hochwart,*? who originally 
delineated the clinical and diagnostic signs for the diagnosis of such 
tumors, restricted the condition to males. Such a belief is patently false, 
since there are 2 cases of the condition occurring in females, as indicated 
in the table of collected cases. Moreover, precocious puberty has been 
reported in females in several instances in which the third ventricle was 
affected by distention * or inflammation.” Still one must admit that 
the overwhelming number of cases occur in males. While an unequivocal 
explanation for this curious phenomenon is not altogether possible at 
this time, there are a number of interesting facts which may shed light 
on it. Lillie“? many years ago, in his studies on freemartins, came to 
the conclusion that the earlier activity of the male testes accounted for 
sexual depression in the female twin. While definitely differentiated 
interstitial tissue appears shortly after sex differentiation in the fetal 
calf, pig, rabbit and chick, the homologous tissue does not appear in 
females until after birth. It would appear, then, in view of present 
knowledge, that the male testes are prepared earlier in life to respond 
to the increased activity of the pituitary body which, we believe, results 
from tumors in the region of the hypothalamus. As a corroboration of 
this theory it has been found that although the gonadotropic content 


of the pituitary gland is higher in female infantile animals,”* the lesser 
quantities in the pituitary gland of male infantile animals is due to inhi- 
bition of the pituitary gland caused by the presence in the male animals 
of large amounts of gonadal substances (androgens) consequent on the 
earlier secretion of these substances.** Clark ** stated that the hypoph- 
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ysis in the male animal may early exercise an inherent capacity for 
a high rate of secretion but that this is quickly inhibited by the androgenic 
output of the gonads. If, on the contrary, male rats are castrated at 
birth, the gonad-inhibiting influences being thus removed, the gonado- 
tropic content of the pituitary gland in the male is equal to or greater 
than that of the gland in the female.** The conclusion that one is war- 
ranted in drawing from these experiments, in application to the phe- 
nomenon of pubertas praecox as it occurs in association with hypothalamic 
tumors, is that the male sex is peculiarly more responsive to pituitary 
hypersecretion because of the earlier development of the gonads. Since 
appearance of the sexual characters depends directly on the elaboration 
of the gonadal substances and since the gonads depend on the pituitary 
gland for activation, the males have a considerable advantage in reacting 
to excessive pituitary stimulation early in life. 


SUMMARY AND CONCLUSIONS 


When the pathologic evidence is summarized regarding the occur- 
rence of precocious puberty with lesions in the third ventricle, several 
facts become evident. First, tumors or other lesions predominantly 
involving the hypothalamus may be associated with precocious puberty 
even though the pineal body is unaffected. Second, because of the 
anatomic position of the pineal body, tumors arising either from it or in 
its neighborhood almost invariably destroy or compress the posterior 
portion of the hypothalamus. There is, further, no unequivocal evidence, 
pathologic or experimental, proving that the pineal body has a secretion 
or that its extracts have any effect on sexual development. In view of 
the long-known effects of pathologic and experimental lesions of the 
hypothalamus on sexual functions, the proposal is submitted that pre- 
cocious puberty, when occurring under the conditions indicated, is purely 
a hypothalamic syndrome. We believe that it is a rare variant of sexual 
disorder, the opposite of the sexual dystrophies so commonly witnessed 
in the hypothalamic lesions. There is, moreover, a large body of evidence 
showing that true pubertas praecox may be produced in both man and 
animals by extracts of the anterior lobe of the hypophysis. There is 
also considerable experimental work demonstrating the functional rela- 
tionship between the hypothalamus and the pars distalis with respect 
to many sexual activities. The bulk of the experimentation indicates that 
the hypothalamus controls the release of the gonad-stimulating substances 
from the pars distalis. Investigations pursued with the purpose of 
locating the portion of the hypothalamus which serves to integrate or 
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initiate the several varieties of sexual activity have shown that the 
posterior portion of the hypothalamus, at least, contains the mechanisms 
controlling estral behavior and mating. Ovulation has been produced 
by direct stimulation of the hypothalamus, some authors again producing 
it by stimulation of the posterior portion of the hypothalamus. Many of 
these mechanisms are, therefore, located precisely in the area usually 
affected by tumors which in man result in precocious puberty. Other 
lesions, such as certain inflammations or ventricular distention which 
may affect chiefly the gray matter lining the third ventricle, also cause 
precocious puberty. 

A tentative theory of the pathophysiologic basis of precocious puberty 
when associated with hypothalamic tumors is as follows: Tumors in the 
posterior portion of the hypothalamus destroy some portion of the 
mechanism or neural pathways which normally serve to control or inhibit 
the rate, character or intensity of the nerve impulses passing to the pars 
distalis. Whether this transmission is directly through neural connections 
or through indirect neurohumoral intermediation is still uncertain. The 
pars distalis released from its normal inhibiting control produces or 
releases excessive amounts of gonadotropic substances. These, in turn, 
stimulate the ovaries or testicles into hyperactivity. The result of this 
ovarian or testicular excitation is the production of estrogenic or andro- 
genic substances, which are immediately responsible for the development 
of the secondary sexual characteristics. The presence of adult quantities 
of estrogen or androgen in the urines of the patients in the few cases 
that have been studied from this aspect is indirect proof of hyperactivity 
of the pars distalis. The endocrine estimations, therefore, support the 
contention that precocious puberty is due to uncontrolled release of 
pituitary substances as a consequent manifestation of hypothalamic dis- 
turbance, rather than to any hypothetic and as yet unproved pineal 
secretion. Unfortunately, there have been no experimental lesions placed 
in the posterior portion of the hypothalamus of young animals in an 
attempt to produce precocious puberty. The final and conclusive link 
of evidence is yet to be gathered. It is hoped that investigators will 
turn their interest in this direction. 

Note.—Since this paper was completed we have located in the litera- 
ture an additional case of precocious puberty associated with a hypo- 
thalamic tumor.”® 


The patient, a female infant, began to menstruate regularly at the age of 6 
months. At the age of 4 years she had all the bodily characteristics of a mature 
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woman. She was 9 inches (23 cm.) above normal height. There were “menta 
precocity in certain directions” and “secondary sexual characters of a psychi 
order.” At biopsy the presence of mature follicles and corpora lutea was demor 
strated in the ovarian material. Death occurred in the sixth year from a strept 
coccic infection. Autopsy disclosed a tumor in the interpeduncular space attached 
to the mamillary bodies and to the area between them and the tuber cinereum 
There was no hydrocephalus, and the pineal body was intact. 


The addition of this case makes a total of 17 in which precocious 
puberty has accompanied a hypothalamic tumor. 


Dr. Raymond Sheely, house officer, performed many of the studies in this 
case and made a number of translations from the French literature. 


104 South Michigan Avenue, Chicago. 


3400 Spruce Street, Philadelphia. 
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The widespread clinical application of vitamin B, therapy has been 
stimulated by the availability of the crystalline substance. Estimates 
as to dosage and duration of therapy have had to be approximated on 
the basis of gross clinical changes. The use of this vitamin as a thera- 
peutic test in various confusing syndromes has been expensive to both 
patient and physician. Furthermore, the negative response to vitamin B, 
in many of these syndromes may discourage its use where it is really 
indicated. 

If a test were available by means of which one could estimate the 
state of nutrition in a person with respect to vitamin B, rapidly and 
inexpensively, then the clinical application could be placed on a more 
rational basis. 

The methods available up to recently have been long and cumber- 
some. Schultz, Atkins and Frey developed a method which is compara- 
tively simple and lends itself to clinical investigations. 

The details of the actual method. of assay have been published.’ In 
brief, the basis for the test is the stimulating effect of thiamine on the 
rate of fermentation of dextrose by a yeast. These authors have isolated 
a yeast strain which, when grown on a fixed medium, will give a definite 
quantitative response in rate of fermentation to the presence of thiamine 
within certain limits of concentration. This test is sensitive to the 
presence of thiamine in any and all of its known forms. It is also 
sensitive to the presence of the pyrimidines, which will give mole for 
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mole acceleration of fermentation, comparable with that given by 
thiamine. One of the sources of pyrimidine in the urine is undoubtedly 
the vitamin B complex. 


REPORT OF INVESTIGATIONS 


A series of estimations of vitamin B, were made on samples of urine 
excreted by a group of normal persons at two hour intervals during the 
working day and on one complete overnight sample. It was apparent 
that the postprandial collections of urine contained the largest amounts 
of vitamin B,. This was related to the vitamin B, content of the 
previously ingested meal. Furthermore, the vitamin B, content of the 
urine collected during the fasting overnight period was fairly constant 
for any one person if the collections were started at least four hours 
after the evening meal. The urines of a group of several malnourished 
patients with symptoms suggestive of vitamin B, insufficiency were also 
assayed. It was found that their overnight excretions were considerably 
less than those of the normal controls. The next logical step was to 
determine the differences in excretion between two such groups after 
the administration of thiamine hydrochloride parenterally. A preliminary 
survey immediately showed the possibility of using the response to a 
standard load as a test for the state of nutrition with respect to 
vitamin B,. 

The actual load test finally evolved may be described in brief as 
follows: The patient is instructed to have his evening meal at the usual 
time. He is told not to eat pork, chicken, liver, leguminous vegetables 
or nuts at this meal. Four hours after this meal he is to void and 
discard the urine. All urine voided from then up to and including 
9 a. m. the next morning is saved as one sample. At this time he is 
given an injection of thiamine hydrochloride intramuscularly. All urine 
voided for the next four hours is collected as one sample. The patient 
is encouraged to drink one to two glasses of water during this period 
in order to insure an adequate volume of urine. No breakfast is per- 
mitted, the patient being kept in the fasting state until the four hour 
sample of urine is obtained. Both the overnight and the postinjection 
four hour sample were assayed for vitamin B, content. This report deals 
with the results obtained from the postinjection samples.** The data 
obtained from the overnight excretions will be discussed in a later report. 

The routine of the test as presented in this form was based on the 
attempt to avoid many of the difficulties encountered in earlier experi- 
ences. A four hour collection of urine is comparatively simple for any 
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patient to carry out. The fasting state of the test rules out incon- 
sistencies of diet. It was our experience that to attempt to collect 
twenty-four hour samples of urine, both from ambulatory and from 
hospital patients, entailed many errers. The ambulatory patient cannot 
eat a constant diet without subjecting himself to many inconveniences. 
The intramuscular injection of the thiamine was chosen in preference 
to the oral administration to insure rapidity and constancy of absorption 
in order to make the use of a four hour period valid. Marrack and 
Hoellering * have also found that when thiamine was injected intra- 
muscularly it was excreted almost entirely within the first three hours 
after injection and there was little or no residual excretion to be observed 
in the subsequent three hours. 

Obviously, the renal factor is important in any test dependent on 
urinary excretion. Table 1 illustrates the ability of the kidney to con- 


TasLe 1.—Relationship of the Volume Output of Urine to the Excretion 
of Thiamine 
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RR  NadleshechusscuedeheUe canadian 714 0.27 198 
DUE. di panenededsctnedsonddskesedehe 227 0.98 222 
ee a are eee tr 192 1.19 228 
Se Aslplin’s dh deminbacdoets cunee sites 78 3.14 245 
FA a Re, aren eee 795 O34 270 
WES. Sakxk ovapuiechesacecnenseexcses 90 3.18 282 
MEE: Go danaecoedechdvucknvestulaqace 148 2.03 301 
MMe | bbb eacaveads hat cithe Neue eahoade 1,072 0.32 342 
ye + ea dwc.avuneesasWhaten uteenne dade 163 2.55 416 





centrate, over a wide range, the substances in the urine which give 
vitamin B, activity. It is definitely seen that the amount excreted is 
independent of the volume of urine in the presence of normal renal 
function, as Marrack and Hoellering? also observed. 

In order to determine the most satisfactory dose of thiamine hydro- 
chloride for a load test, the responses to varying doses in the same 
patients were studied. Twenty-one patients were observed in this way. 
The amounts injected were 1, 2, 5, 10 and 20 mg. of thiamine hydro- 
chloride, respectively, at approximately one week intervals. The data 
from these responses are presented in table 2 and in figure 1. Figure 1 
shows the amount recovered in the urine plotted as a percentage of the 
amount injected. The response to any one dose in any patient remains 
at the same comparative level as that for all other doses. Thus, a low 
response to an injection of 1 mg. is associated with a relatively low 





2. Marrack, J. H., and Hoellering, H. F.: Excretion of Injected Aneurin 
(Vitamin B;), Lancet 1:325, 1939. 








Taste 2.—Excretion of Substances with Vitamin B, Activity, Expressed in 
Micrograms, in Urine Collected During Four Hour Interval After 
Injection of Thiamine Hydrochloride 








Mg. of Thiamine Hydrochloride Injected 
— = ene tas — - 


Patient 2 5 10 
505 1,521 4,092 
444 1,040 3,100 
647 1,910 
940 2,230 
1,255 
1,170 ante 
1,855 4,230 
1,132 2,780 
1,320 4,120 
1,222 2,880 
1,950 4,375 
1,780 3,910 
1,190 3,172 
1,376 3,330 
1,210 3,220 
785 2,673 
1,950 4,000 
3,070 
2,610 
3,000 
2,850 6,900 
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Fig. 1—Amounts of vitamin B: excreted in the urine of 21 unselected patients 
after injection of thiamine hydrochloride. 
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response to any of the other amounts injected. In addition to these 
relative values, the absolute amount excreted increases as the dose. 
When calculated on a percentage basis, as plotted in figure 1, the series 
of injections of 1 and 2 mg. do not fall in line with the others. This 
can be explained as follows: There is a definite excretion of substances 
giving B, activity, as measured by the fermentation method, in the urine 
of normal persons at all times. By actual measurement, under the 
comparable conditions of the experiment (i. e., overnight fasting and 
no breakfast) a four hour sample of urine will yield from 40 to 100 
micrograms of substances showing vitamin B, activity, depending on 
the state of nutrition of the subject. This represents the basal, or 


TABLE 3.—Comparison of the Excretion of Vitamin B,* by the Same Person at 
Different Times After the Injection of 1 Mg. of Thiamine Hydrochloride 








Patient First Test Second Test 


M. F. ve 100 
115 


252 
226 
231 
B. 8. 228 199 
L. L. ; 271 
J. 8. 302 
8. W. 381 
G.8. G 228 


* The excretion is expressed in terms of micrograms of substances with vitamin B: activity 
excreted in four hours, 





endogenous, excretion and forms an appreciable percentage of the sub- 
stances with vitamin B, activity present in the urine after the injection of 
1 or 2 mg. of thiamine hydrochloride. After an injection of 5, 10 or 
20 mg. its relative importance decreases. 

The urinary excretion after an injection of 1 or 2 mg. may indicate 
that (1) this dose is within the physiologic range of utilization, (2) such 
a dose reflects the ability of the body to retain injected thiamine and 
(3) the endogenous excretion of substances with B, activity is a mea- 
surable portion of the total amount excreted. The endogenous excretion 
alone may be misleading and dependent on the recent dietary intake. 
The response to the load test, however, is a better indication, as it 
reveals the more prolonged deficiencies.® 


3. Smith, K. A.: Thiamin and Diabetes Mellitus, Proc. Staff Meet., Mayo 
Clin. 5:529, 1940. Robinson, W. D.; Melnick, D., and Field, H., Jr.: Urinary 


(Footnote continued on next page) 
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Sefore any clinical use could be made of this response to a test dose. 
the constancy of response of any one person had to be determined. TT: 
establish this point the urinary excretion of substances with B, activity 
by 19 unselected subjects after an injection of 1 mg. of thiamine hydro- 
chloride was determined. This procedure was repeated on these 19 sub- 
jects after a two week period. Table 3 summarizes the results. The 
constancy was well within the biologic variations. 

From this preliminary work it was decided that the response to the 
injection of 1 mg. of thiamine hydrochloride might have some clinical 
application. Thirty-one normal university students, instructors and 
physicians were subjected to the test, the response to the injection of 
1 mg. of the drug being used as the standard. In addition, 408 
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Fig. 2.—Distribution curve of urinary excretion by 439 unselected subjects, four 
hours after the injection of 1 mg. of thiamine hydrochloride, of substances showing 
B: activity (measured in micrograms). 


unselected patients from the wards and the dispensary were subjected 
to this procedure. It should be remembered that these patients are 
not to be considered as representing a cross section of the general 
population. Because of existing illness one would expect to find a 
higher percentage of vitamin B, unsaturations in this mixed group than 
in a perfectly normal one. The results of the tests in this group are 
plotted in figure 2. 


Excretion of Thiamin in Clinical Cases, J. Clin. Investigation 19:399, 1940. Melnick, 
D.; Field, H., Jr., and Robinson, W. D.: Quantitative Chemical Study of the 
Urinary Excretion of Thiamin by Normal Individuals, J. Nutrition 18:593, 1939 
Borson, H.: Clinical Application of the Thiochrome Reaction in the Study of 
Thiamin Deficiency, Ann. Int. Med. 14:1, 1940. Holt, L. E., Jr., and Najjar, V. A. 
Studies in Thiamin Excretion, Bull. Johns Hopkins Hosp. 67:107, 1940. 
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Table 4 presents the data on the group of 439 persons, with their 
clinical conditions separated into nine categories. Table 5 is a brief 
statistical analysis of some of these data, which is shown to prove their 
validity. The persons excreting from 200 to 250 micrograms of B, 


active substance in the four hour postinjection period represent the 
mean of the tested group. The shape of the curve of distribution 1s 


Taste 4.—Effect of Injection of 1 Mg. of Thiamine Hydrochloride on the 
Urinary Excretion of Vitamin B, Classified in 50 Microgram Steps 
in Four Hundred and Thirty-Nine Subjects 








Vitamin B: Excreted, Micrograms 
st ‘ ; 





a bah . one 
0 51 101 151 201 351 301 351 
Category to 50 to 100 to 150 to 200 to 250 to 300 to 350 to 400 Total 


2 


Normal] health... . “ as : § 3 
Diabetes mellitus. : i 44 


Renal insufficien- 
ey: congestive 
heart failure...... 


Gastrointestinal 
GISCRSE... vc vevcase 
Aleoholism........ 
Miscellaneous 
disease 

Disease of the 


liver and gall- 
bladder 


Infection....... . 
Ariboflavinosis.. . 





TABLE 5.—Statistical Analysis of the Data 








Standard 

Standard Numberof Deviation 

Category Deviation Subjects of Mean 
Normal health 27 81.8 29 15.4 
Diabetes mellitus 233. 3.3 6.0 
Miscellaneous diseases... oa ee 213. 92.5 7.2 
Gastrointestinal disease . f 10.9 
Infection 22.9 
TOUR OF GF GUDGOTB.. 0 cc ccccccccvvcvescceccss 7 5 4.3 





probably affected in the region of the 100 to 150 microgram excretion 
level by the presence of such a large number of chronically ill persons 
who have been on voluntarily or otherwise restricted diets. 

Because of the known relationship of vitamin B, to carbohydrate 
metabolism, it has been inferred that diabetes mellitus might represent 
a deficiency of this vitamin. Included in the large series of patients 
previously mentioned were 139 with diabetes mellitus. Figure 3 repre- 
sents the curve of distribution of the excretion responses of the latter 
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patients. The mean falls in the same range as that of the large unselected 
group. There were fewer low responses among the patients wit! 
diabetes than among persons in the large group. 








5 100 70 WO 280 300 380 400 


Micrograms §: activit 


Fig. 3.—Distribution curve of urinary excretion by 139 patients with diabetes 
of substances showing vitamin B, activity (measured in micrograms). 
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Fig. 4.—Distribution curve of urinary excretion by 48 patients with gastro- 
intestinal diseases of substances showing vitamin B: activity (measured in 


micrograms). 


Figure 4 shows the distribution curve of the response to the injection 
of 1 mg. of thiamine hydrochloride of 48 patients with gastrointestinal 
diseases. This curve and the statistical analysis of the data leave little 
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doubt that persons with such diseases are especially prone to vitamin B, 
deficiencies. Such a conclusion has been suspected from clinical evidence 
contributed by numerous authors. 


Patient 
>. B. 


( 


F.C. 


£ 
~ 


KR RE er: 


KP 


ho 








ie 


Tolerance, 
Excretion 
of Vitamin 
B, After 
Test Dose, 
Micrograms 


145 


Diagnosis 


Polycystic kidneys; rena! 
ealeuli; malnutrition 
Cholecystitis 

Thyrotoxic heart disease 
Obesity 

Moderate alcoholism 
Sprue 

Gastrointestinal neurosis 
Malignant nephrosclerosis 
Pernicious anemia 
Rheumatic chronic cardio- 
vascular disease 

Renal calculi; pyelitis of 
right kidney 

Lobar pneumonia; hepatic 
calculi; pernicious anemia 
Cardiac disease 

Extreme essential hyper- 
tension 

Melanosarcoma; pentosuria 
Chronic fibroid tuberculosis 


Gout; arteriosclerosis 


Essential hypertension, 
anginal syndrome 


Cirrhosis of liver 
Abdominal pain; gastric 
uleer? 


Chronic glomerulo- 
nephritis 

Arteriosclerosis; gout; 
anginal syndrome 
Arteriosclerosis; hyper- 
tension; heart disease; 
prostatic disease 
Arteriosclerosis; sacro- 
iliac disease 

Coronary sclerosis; fibro- 
sis; vitamin B deficiency 
Sinusitis; folliculitis of left 
axilla 

Hypertension; arterio- 
sclerosis 

Coronary sclerosis; cystitis; 
postnephrectomy 
Bronchial asthma 

Jejunal ulcer 





Comment 


Post-thyroidectomy 

Strict reducing diet 

No manifest deficiency 

Age 72 

Anorexia 

Uremia, absolute renal insufficiency 
Age 74 

Active carditis 


Tolerance normal (265 micrograms) 
when test was repeated after discharge 


Age 62 


Tolerance normal (279 micrograms) 
when test repeated five months later, 
and discharge after therapy - 

Age 61; tolerance 154 micrograms when 
test repeated with patient on a high 
carbohydrate diet 

Tolerance 158 micrograms when test 
repeated five months later, after 
discharge 


Age 62, tolerance 116 micrograms 
when test repeated in five months 

Age 60, tolerance 162 micrograms when 
test repeated 

Acute illness, tolerance 270 micrograms 
when test repeated after recovery 


Prolonged Sippy diet regimen 


Tables 6 and 7 present brief clinical data on those patients whose 
vitamin B, excretion responses fall in the lower levels. 
Earlier in this paper reference was made to the possible effect of 


renal function on the validity of this type of test. 


In table 4 the results 


of this test on 19 patients with congestive heart failure are recorded. 
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The results uniformly fall below 200 micrograms. Knowing that circula- 
tory failure secondarily affects renal function, one must exercise caution 


in the interpretation. 

In table 4 it might be of interest to point out that on the basis of this 
test, if excretion levels below 150 micrograms in four hours are to be 
taken as indicating thiamine deficiency, then of 31 normal persons al! 
had a greater excretion response and 13, or 9 per cent, of 139 patients 


TABLE 7.—Data on Patients with Diabetes Mellitus Showing Low 
Excretion Responses 








Tolerance, 
Excretion 
of Vitamin 
Bi After 
Test Dose, 
Patient Micrograms Comment 


F. A, 108 Man aged 80 with edema and congestive heart failure, edema 
out of proportion 


M.E. (1 mg. &s Age 59; achlorhydria; inadequate diet 
m 213 
. E. 151 Woman aged 25, treated in Boston three years previously 
for nutritional] deficiency; diabetes retinitis 
 w. x 153 Diet of 800 calories 
2 ° 310 
L. F. 13 Woman aged 58, chronically ill and malnourished 


. G. 3 Hypertension; negative Wassermann reaction with neuro 
logie changes 


. B. Diabetes; hypertension; nephrotic syndrome 
Arteriosclerosis; malnutrition; subnormal weight 


(1 meg.) 5 Prolonged polyuria; postencephalitic syndrome 
(2 mg.) . 


Hypertension; spondylitis; chronic illness 

Hypertension; cardiovascular disease; arthritis; inadequate 
diet 

Woman aged 77 

Arteriosclerosis; subnormal weight; malnutrition 


(1 mg.) Woman aged 73 with arthritis 
(2 mg.) 


Man aged 65 with bilateral cataracts 


Woman aged 65 with congestive heart failure and a clinica! 
diagnosis of beriberi heart 


Malnutrition, possible gastrointestinal lesion 
Test made immediately after an episode of ketosis 


with diabetes mellitus, 24, or 50 per cent, of 48 patients with gastro- 
intestinal diseases, 4, or 100 per cent of 4 patients with alcoholism, 40. 
or 25 per cent, of 162 patients with miscellaneous diseases, 3, or 33 per 
cent, of 10 patients with disease of the liver and gallbladder, 7, or 33 per 
cent, of 21 patients with infections and 5 of 5 patients showing other 
evidence of vitamin B complex deficiencies were poorly supplied with 
thiamine. 
COMMENT 


9 


Other investigators ? using totally different methods have observed 
the same general trend as that shown in the foregoing paragraph. The 
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absolute values in thiamine excretion studies based on the thiochrome 
or the diazotized amine technic are much lower than those based on the 
fermentation method. The validity of any assay of vitamin B, work ts 
entirely dependent on the accuracy of the method used for the determina- 
tion of B, active substances in the urine. Schultz, Atkins and Frey have 
shown that besides thiamine itself, only the pyrimidines, more specifically 
the 2-methyl-5-ethoxymethyl-6-amino pyrimidine, will give this fermenta- 
tion response. As pointed out by Schultz, Light and Frey, “irrespective of 
whether or not the urine or feces responses after the oral administration 
of thiamine obtained represent true vitamin B,, there is a close cor- 


relation between the determined values and the B, intake.” The 
pyrimidines in the urine probably represent in part at least that fraction 


of the thiamine metabolized in the body. Were it possible to separate 
completely the thiamine from the pyrimidine in the urine, one would 
have a better measurement of the actual utilization.* For the purposes 
of clinical evaluation, however, such an absolute determination is not 
necessary. The relative figures given by this test undoubtedly have 
clinical importance. In addition, it might also hold true that this 
fermentation method, because of its nonspecificity for pure thiamine, i. e., 
the response to pyrimidine (the breakdown products), may give a more 
complete picture than the specific chemical assays. 

The preceding results have shown that there are great variations 
in response to the administration of 1 mg. of thiamine hydrochloride. 
Statistical analysis of the data on 457 subjects showed that 75 per cent 
of the persons tested excreted more than 150 micrograms of substances 
showing vitamin B, activity as measured by the yeast fermentation 
method. Clinical analysis of the cases of those persons with an excretion 
falling below the 150 microgram level reveals the existence of certain 
factors. These include anorexia, diarrhea, poor dietary intake, alcohol- 
ism, debilitating illnesses, prolonged toxic states and hepatic dysfunction. 
It has been pointed out by Jolliffe and others that all of these factors 
are frequently associated with vitamin B, deficiencies. This correlation 
helps to substantiate the inference that the response to the proposed 
1 mg. load test may be of value in detecting the subclinical states of 
vitamin B, deficiency. 

SUMMARY 

The fermentation test of Schultz, Atkins and Frey for vitamin B, is 
clinically applicable because of its simplicity and rapidity. 

The rationale jor the development of the response to the 1 mg. load 
test is discussed. 


4. Recent work with the combined thiochrome and fermentation methods bears 
out this contention. 
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The results of the application of this test to patients with various 
clinical syndromes and to normal persons are presented. 

This test would appear to be of value in detecting the subclinica 
states of vitamin B, deficiency. 

The reliability of the test being assumed, this evidence indicates that 
25 per cent of 389 patients with various diseases, excluding renal insuff- 
ciency and including alcoholism (4 instances), were insufficiently supplied 
with thiamine. 


Dr. C. F. Frey, of the Fleischmann Laboratory, gave us the yeast. 











CLINICAL STUDIES ON BLOOD DIASTASE 


I. LOW BLOOD DIASTASE AS AN INDEX OF IMPAIRED 
HEPATIC FUNCTION 


S. BH. GRAY, MD. 


J. G. PROBSTEIN, M.D. 
AND 
CARL J. HEIFETZ, M.D. 
ST. LOUIS 


In other communications from this laboratory the normal diastase 
values? and the significance of elevated blood diastase * were discussed. 
The accurate assay of subnormal amounts of diastase afforded by the 
Somogyi technic* revealed that subnormal diastase values were far 
more frequent than were increased values. In preliminary reports * it 
was pointed out that low blood diastase values seemed to be indicative 
of impaired hepatic function. Analysis of the considerable material 
that we have accumulated, which forms the basis of this study, supports 
this early interpretation. Other investigators using the Somogyi technic 


have corroborated this concept.® 


Aided by the David May—Florence G. May Fund. 

From the laboratory and the Department of Surgery, Jewish Hospital, and the 
Department of Surgery, Washington University School of Medicine. 

1. Somogyi, M.: Diastatic Activity of Human Blood, Arch. Int. Med. 67: 
665 (March) 1941. Somogyi stated: “The terms diastase and amylase are often 
used interchangeably. I prefer the term diastase to denote the enzyme dealt with in 
this study, an enzyme which is not only an amylase, but a glycogenase and a 





dextrinase as well.” 

2. Heifetz, C. J.; Probstein, J. G., and Gray, S. H.: Clinical Studies on Blood 
Diastase: II. Significance of Increased Blood Diastase, Arch. Int. Med., this 
issue, p. 819. 

3. Somogyi, M.: Micromethods for the Estimation of Diastase, J. Biol. Chem. 
125:399, 1938. 

4. (a) Somogyi, M.: Blood Diastase as an Indicator of Liver Function, Proc. 
Soc. Exper. Biol. & Med. 32:538, 1934. (b) Gray, S. H., and Somogyi, M.: 
Relationship Between Blood Amylase and Urinary Amylase in Man, ibid. 36:253, 
1937, 

5. Rachmilewitz, M.: Clinical Significance of Blood Diastase in Diseases of 
the Liver and Bile Ducts, Harefuah 12:iii, 1937; Blood Diastase in Hepatic and 
Biliary Disease, Am. J. Digest. Dis. §:184, 1938. Cole, W. H.: Acute Pancreatitis, 
with Special Reference to Pathogenesis and the Diagnostic Value of the Blood 
\mylase Test, Am. J. Surg. 40:245, 1938. 
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We are unable as yet to offer any valid explanation of the decreas: 
in blood diastase asseciated with impaired hepatic function. If diastase 
were found in the liver, one could assume that the production of the 
enzyme is one of the functions impaired when the liver is affected. But, 
as was discussed previously,' there is no basis for the assumption that 
liver tissues produce or even contain diastase. It should be kept in 
mind that we employ the term “hepatic function” only in a general 
sense. 

Various workers have reported abnormally high levels of blood 
diastase in cases of diseases of the biliary tract; acute obstruction of 
the common bile duct,® disease of the gallbladder * and catarrhal jaun- 
dice.* In the light of our observations, however, it is likely that in 
most of these reported cases acute pancreatic involvement was _ the 
actual cause of the increased diastatic activity; in some instances renal 
insufficiency might have been discovered as the cause had the urine 
diastase—blood diastase ratio been determined.* 

Several workers have found that jaundice per se does not change 
the level of the blood diastase.* These observations have been verified 
in our laboratory. The addition of bile to blood, either in vitro or in 
vivo (by ligation of the common bile duct), caused insignificant if 
any changes in the blood diastase level in experimental animals. This 
would be expected, since under normal conditions hepatic bile is prac- 
tically devoid of diastatic activity.'° According to our observations, 
the diastatic activity of blood in cases of disease of the biliary tract 
tends toward subnormal levels, probably as a result of involvement of 


6. (a) Millbourn, E.: On the Diastasuric Conditions in Cases of Jaundice Due 
to Choledocholithiasis, Acute Hepatitis, and Malignant Tumors, Acta chir. Scandi- 
nav. 77:523, 1935. (b) Foged, J.: The Diagnostic Value of Urine Diastase, Am. 
J. Surg. 27:439, 1935. (c) Branch, C. D., and Zollinger, R.: The Value of Blood 
Diastase in the Diagnosis of Common Duct Stone, ibid. 41:233, 1938. 

7. (a) Cohn, E.: Ueber den Wert der Diastasebestimmung im Serum und 
Urin bei Pankreasaffektionen im Anschluss an Erkrankungen der Leber und der 
Gallenwege, Arch. f. Verdauungskr. 39:199, 1926. (b) Kaczander, P.: Zur 
Diagnostik der Pankreasaffektionen mittels der Wohlgemuthschen Diastaseprobe 
im Urin, Deutsche med. Wchnschr. 57:1103, 1931. (c) Millbourn.® 

8. Cameron, G.: Studies on Diastatic Activity: II. The Action of Bile on 
the Enzyme Diastase, J. Metab. Research 5:243, 1924. Cohn.7@ 

9. (a) Stocks, P.: The Quantitative Determination of Amylase in Blood 
Serum and Urine as an Aid to Diagnosis, Quart. J. Med. 9:216, 1916. (b) Elman, 
R.; Arneson, N., and Graham, E. A.: Value of Blood Amylase Estimations in 
the Diagnosis of Pancreatic Disease, Arch. Surg. 19:943 (Dec., pt. 1) 1929. (c) 
Fricker, E.: Untersuchungen tiber den Harnamylasegehalt beim gesunden und 
kranken Menschen, Schweiz. med. Wchnschr. 56:129, 1936. Millbourn.6® Foged.® 

10. (a) Zucker, T. F.; Newburger, P. G., and Berg, B. N.: The Amylase oi 
Serum in Relation to Function States of the Pancreas, Am. J. Physiol. 102:209, 
1932. (b) Popper, H. L.: Pankreassaft in den Gallenwegen, Arch. f. klin. Chir. 
175:660, 1933. 
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the liver. The occasional finding of an elevated blood diastase level 
points to probable acute pancreatic involvement, a well known occur- 
rence in disease of the biliary tract."' The fall in blood diastase level 
is always accompanied by a decrease in the urinary excretion of the 
enzyme, although the parallelism between the two changes is not strict. 

Blood diastase determinations were performed in this laboratory 
on patients with all types of disease admitted between 1933 and 1938 to 
the Jewish Hospital of St. Louis, a general hospital for patients with 
acute conditions, excluding contagious and mental diseases. As in 
most statistical analyses, certain limitations had to be stipulated in the 
treatment of our material. Thus, because in the majority of cases we 
performed but one diastase determination, in our compilation we used 
only the first values in those cases in which repeated determinations were 
carried out. Since it was in the latter category of cases that the blood 
diastase values exhibited particularly great deviations from the normal, 
the statistical results do not always represent the extremes in varia- 
tions. Had we tabulated the maximum changes, the percentage of low 
diastase levels would have been, as a matter of fact, greater than the 
charts indicate. In cases in which a new illness developed during 
the period of hospitalization the first determination after the onset of the 
illness was used. Decisions were sometimes difficult in cases with two 
or more diagnoses. After careful consideration of the history, the 
case was Classified under the disease considered to be the dominant 
one. When two or more diseases were apparently of equal import- 
ance, Our experience as regards the diseases which were known to 
affect the diastase values naturally influenced our judgment in the 
classification. Cases in which the patients were readmitted were dealt 
with as new cases. 

For the convenience of the reader, it may be pointed out here that 
normal diastase values, determined by the Somogyi technic, range 
between 80 and 150; values between 60 and 80 and between 150 and 180 
are on the borderline of normal. Values below 60 are considered 
definitely subnormal (fig. 1 4). 


DISEASE OF THE BILIARY TRACT 


A compilation of the diastase levels determined in 410 cases of 
disease of the biliary tract included those determined in 235 cases 
of diseases of the liver and the bile ducts and in 175 cases of diseases of 
the gallbladder. A comparison of the two groups, shown in figure 1 B 
and C, reveals that a greater percentage of subnormal levels is found 
in cases of disease of the liver and bile ducts. While some degree of 
functional, and even pathologic involvement of the liver is often present 


11. Gray, S. H.; Probstein, J. G., and Heifetz, C. J.: Transient Acute Pancreati- 
tis, Ann. Surg. 108:1029, 1938. 
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in cholecystic disease,** the impairment of hepatic function is not 
extreme. Involvement of the liver and the bile*ducts, on the other 
hand, causes definite and extensive diminution of hepatic function. 
Diseases of the Liver and the Bile Ducts —The 235 cases of involve- 
ment of the liver and the bile ducts included 16 cases of single or multiple 
hepatic abscesses, 26 of acute catarrhal jaundice, 52 of obstruction of 
the common bile duct, 73 of malignant conditions of the liver and the 
bile ducts, 29 of cirrhosis of the liver, 30 of enlargement of the liver 
of undetermined origin and 9 of miscellaneous diseases of the liver. 
The last subgroup included cases of acute yellow atrophy, toxic hepatitis 
and fatty infiltration associated with cachexia of a malignant condition. 
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Fig. 1—Blood diastase levels in (A) a group of 170 healthy normal persons, 
(B) 235 cases of diseases of the liver and the bile ducts and (C) 175 cases of 
disease of the gallbladder. 


In all these subgroups -a tendency in the direction of subnormal dias- 
tatic activity was manifest. The most notable decreases occurred in 
cases of abscess of the liver and of a malignant condition. 

In many of the cases of obstruction of the common bile duct there 
was concomitant disease of the gallbladder, but for statistical purposes 
these cases are included under the former condition. Of the 52 cases, 
disease in 19 resulted from stenosis, in 14 from calculi, in 8 from 
tumors and in 11 from undetermined causes. Because of the small 
number of cases in each subgroup, separate tabulations were considered 


f 12. Graham, E. A.; Cole, W. H.; Copher, G. H., and Moore, S.: Diseases of 
4 the Gall Bladder and Bile Ducts, Philadelphia, Lea & Febiger, 1928. 
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inadvisable. In general, however, differences between the subgroups 
were not sufficient to lend significance to the etiologic factors. 

Of the 73 cases of malignant conditions of the liver and the bile 
ducts, in 9 the disease was primary, in 44 secondary or metastatic and 
in 20 probably malignant. The last subgroup was composed of cases 
in which there were unmistakable signs of a malignant condition else- 
where than in the liver, with evidence of hepatic involvement unproved 
by either operation or autopsy. It is notable that in all 9 cases of a 
primary malignant condition of the liver and the bile ducts the diastase 
values were below 60. 
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Fig. 2——Blood diastase levels in (4) 32 cases of acute cholecystitis and (B) 
136 cases of chronic cholecystitis. 


Diseases of ite Gallbladder—The 175 cases of cholecystic diseases 
included, as was previously mentioned, none in which there was evi- 
dence from operation or autopsy of obstruction of the common bile duct. 
There were 32 cases of acute cholecystitis, 136 of chronic cholecystitis 
and 7 of primary tumors of the gallbladder. A comparison of A and B 
in figure 2 shows that acute cholecystitis tends to cause a greater lower- 
ing of the diastase level than does chronic cholecystitis. Acute infections 
seem to exert on the liver, therefore, a more severe toxic effect than 
do chronic infections, as is the case with acute toxic lesions in general 
(see following section). 
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Of the 136 cases of chronic cholecystic disease, the gallbladders in 
76 were proved at operation to contain calculi and in 7 no calculi were 
found. In 53, in which operation was not performed, there was clinical 
or roentgenologic evidence of chronic cholecystitis. While in all three 
subgroups there was a definite tendency toward subnormal diastase 
values, a great number of values fell well within the normal range. 


DISEASES AND CONDITIONS INDIRECTLY AFFECTING THE LIVER 

Infections—The role of the liver as a detoxifying agent in all types 
of infections is well known. Any infection eliciting a systemic response 
undoubtedly brings into play the functional defenses of the liver. As 
a result of these responses, and depending on the toxicity and duration 
of the infection, cloudy swelling, fatty degeneration and necrosis may 
or may not result.’* It is well known that these changes occur in many 
cases of pneumonia, typhoid fever, streptococcic infections and septi- 
cemia. However, whether or not these changes are demonstrable, it is 
probable that the functional capacity of the liver is impaired. It was 
not surprising, therefore, that in many of the cases of both generalized 
and localized infections there were subnormal diastase values. Figure 
3A summarizes the diastase levels determined in 147 cases of acute 
generalized and 440 cases of acute localized infections. The former 
included : 3 eases of acute rheumatic fever; 12 of malaria, spontaneous 
or artificially induced ; 13 of influenza; 32 of septicemia and bacteremia ; 
25 of fever of unknown or uncertain cause, and 23 of miscellaneous 
infectious diseases, such as typhoid fever, paratyphoid fever and tular- 
emia. The levels determined in cases of the pneumonias, although 
belonging in this classification, were compiled separately because of their 
great number. The cases of localized infections included: 91 of acute 
infections of the upper respiratory tract; 17 of empyema and pleurisy ; 
26 of infections of the eye and ear, including the mastoid ; 72 of cutaneous 
and subcutaneous abscesses ; 16 of carbuncles ; 43 of cellulitis ; 41 of infec- 
tions of the genitourinary tract; 25 of infections of the pelvic region; 
20 of acute gastroenteritis and enterocolitis, and 11 of miscellaneous 
infections. A glance at the figure shows that a great number of these 
infections were accompanied by a lowered blood diastase level. In gen- 
eral, there were no significant differences between the diastase levels in 
cases of generalized infections and those in cases of localized infections. 
It should always be borne in mind, in mentioning infections that secon- 
darily involve the liver, that the same factor may affect the kidneys too, 
functionally or morphologically. The resultant disturbance, if severe 
enough, may lead to a retention of circulating diastase sufficient to 
obscure the depression caused by the hepatic involvement. 


13. Katsch, G.: Diastase im Blut, Miinchen. med. Wchnschr. 81:505, 1934. 
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Pneumonia.—In a previous note from this laboratory,*® it was 
reported that low diastase levels were usually found in cases of pneu- 
monia. Figure 3B, which confirms this preliminary report, is a com 
pilation of the diastase levels determined in 141 cases of pneumonia, 
with the infection preponderantly bronchial in 105 and lobar in 36. 
The diastase levels associated with the pneumonias were generally lower 
than those with any other type of infection, and those associated with 
the lobar type showed the greater decrease. Usually, the more toxic 
the infection, the lower the diastase level. 
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Fig. 3—Blood diastase levels in (4) 587 cases of generalized and localized 
infections and (B) 141 cases of pneumonia. 


Cardiac Decompensation.—We have been able to find but one report 
on the blood diastase levels in cases of cardiac diseases, and this gave 
bizarre and unexplainable levels for unspecified types of cardiac and 
cardiorenal diseases..* Our observations indicated that the blood 
diastase level in patients with cardiac disease is closely related to the 
extent of decompensation and the accompanying enlargement of the 
liver. Histologically, one can discern the various stages of central 


lobular change due to chronic passive congestion. The resulting 


14. Rowntree, L. G.; Marshall, E. K., Jr., and Baetjer, W. A.: Further Studies 
of Renal Function in Renal, Cardiorenal and Cardiac Diseases, Arch. Int. Med 


15:543 (April) 1915. 
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depletion of the functional liver reserve is reflected in the diastase levels 
in patients with such disease. A comparison of A and B in figure 4 
shows that in 130 patients with cardiac decompensation the diastase 
levels were usually depressed to a variable extent, while in 57 patients 
with cardiac disease in which there was no evidence of decompensation 
the diastase levels were about the same as in “hospital normals.” * 
Diabetes Mellitus—The presumptive role of diastase in hepatic 
glycogenolysis led several investigators to inquire into the change of 
blood diastase levels associated with diabetes mellitus. Some workers 
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Fig. 4—Blood diastase levels in (A) 130 cases of cardiac decompensation, and 
(B) 57 cases of cardiac disease without decompensation. 


observed a decrease in the diastatic activity of the blood or of the urine 
or of both in patients with diabetes mellitus.*° Other observers ** found 


15. Kaufman, M.: Sur le pouvoir saccharissant du sang et des tissues chez les 
chiens diabétiques, Compt. rend. Soc. de biol. 44:130, 1894. Rosenthal, A.: Zur 
Frage der Ausscheidung von diastatischem Ferment im Urin, Deutsche med 
Wehnschr. 37:923, 1911. Marino, E.: Ueber die diagnostische Bedeutung der 
Diastaseausscheidung im Harn, Deutsches Arch. f. klin. Med. 103:325, 1911. 
Corbett, D.: The Quantitative Estimation of Amylolytic Ferments in the Urine 
as a Measure of Certain Pathological Conditions, Quart. J. Med. 6:351, 1913 
Lewis, D. S., and Mason, F. H.: The Diastatic Ferments of the Blood, J. Biol 
Chem. 44:455, 1920. Schmerel, F.: Ueber die verminderte Diastasewirkung des 
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virtually normal values in patients with diabetes, while still others * 
obtained increases. Attempts to discover a quantitative relationship 
between the glycemic level and the diastatic activity of the blood were 
fruitless. 

In figures 5 and 6 are presented the diastase levels for 736 hospital- 
ized patients with diabetes. The classification of patients according to 
the severity of the diabetes is based on sugar tolerance tests and general 
clinical considerations. We are aware that such a classification is not 
objectively precise, yet we have used it because of the lack of a more 
adequate scale. A revaluation of his diabetic condition was made each 
time a patient was readmitted to the hospital. The charts show that as 
compared with normal persons there is a tendency in the patient with 
diabetes for the diastase to fall to the low normal or subnormal range. 
On the whole, the more severe the diabetes, the lower the diastatic 
activity of the blood. Thus, 74.1 per cent of the 89 patients with severe 
diabetes and all of the 16 comatose patients had blood diastase levels 
below 60. 

The role assumed by the liver in diabetes mellitus is far greater 
than a histologic examination of the organ would suggest. While such 
changes as glycogen depletion and fatty infiltration can be demon- 
strated,'* other chemical changes cannot be observed histologically. In 


Harns bei Nierenerkrankungen und beim Diabetes, Biochem. Ztschr. 208:415, 1929. 


Ottenstein, B.: Untersuchungen tiber den Gehalt der Haut und des Blutes an 
diastatischem Ferment und dessen biochemische Bedeutung bei Hautkrankheiten, 
ibid. 240:328, 1931. Branistéanu, D., and Boutroux, A.: Contribution a l’étude de 
l'élimination de l’amylase urinaire dans divers cas normaux et pathologiques, Arch. 
d. mal. de lapp. digestif 23:746, 1933. 

16. Benézur, J. V.: Beitrag zur klinischen Verwertbarkeit der Diastasemenge 
in Blutserum und Urin, Wien. klin. Wchnschr. 23:890, 1910. Milne, L. S., and 
Peters, H.: Observations of the Glycolytic Power of the Blood and Tissues in 
Normal and Diabetic Conditions, J. Research 26:415, 1912. DeNiord, H. H., and 
Schreiner, B. F.: Diastatic Activity of the Blood in Cancer, Syphilis and Diabetes, 
Arch. Int. Med. 23:484 (April) 1919. Cameron, G.: A Comparison of Dodd's 
and Sladden’s Methods for Estimating Urinary Diastase, J. Metab. Research 3: 
753, 1923. Brill, I. C.: Studies in the Diastatic Activity of the Blood, with a 
Consideration of Its Value in Clinical Diagnosis, Arch. Int. Med. 34:542 (Oct.) 
1924. von Strasser: Untersuchungen tiber das diastatische Ferment im Blute, 
Deutsches Arch. f. klin. Med. 151:110, 1926. Ngrby, G.: The Amylase Concen- 
tion in the Serum of Diabetics, Acta med. Scandinav., 1936, supp. 78, p. 933. 
Stocks.% Fricker.% 

17. Myers, V. C., and Killian, J. A.: Studies on Animal Diastases: I. The 
Increased Diastatic Activity of the Blood in Diabetes and Nephritis, J. Biol. Chem. 
29:179, 1917. Reid, E., and Myers, V. C.: Studies on Animal Diastases: IV. 
The Effect of Insulin on the Diastatic Activity of the Blood in Diabetes, ibid. 
99:607, 1933. 

18. Joslin, E. P.: The Treatment of Diabetes Mellitus, ed. 6, Philadelphia, 
Lea & Febiger, 1937, p. 166. Warren, S.: The Pathology of Diabetes Mellitus, 
ibid., 1938. 
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our opinion the aforementioned statistics indicate that impaired hepatic 
function is a significant factor in diabetes. It is even possible that the 
liver may play a dominant role in this disease. 

Toxemias of Pregnancy.—lIn figure 7 A are presented the diastase 
levels determined in 13 cases of preeclampsia, 3 cases of eclampsia and 
8 of vomiting of pregnancy. The chart reveals a tendency in the direc- 
tion of subnormal diastase levels, but it may also be observed that in 
the majority of the cases the diastase is still within the normal range. 
The subnormal diastase values we ascribe to changes known to occur 
in the liver, i. e., fatty degeneration, hyperemia, hemorrhage, cloudy 
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Fig. 7.—Blood diastase levels in (4) 24 cases of toxemia of pregnancy and 
(B) 78 cases of thyrotoxicosis. 


swelling and peripheral lobular necrosis.’ No doubt in many cases in 
which the blood diastase is within the normal range, estimation of the 
urine diastase would reveal retention due to renal impairment, known 
to be present in such toxemias. This would tend to cover up the low 
level of the blood diastase caused by impaired hepatic function. We 
have ascertained in a few cases the existence of such a combination of 
factors, so that we find it necessary to determine both blood and urine 
diastase in cases of toxemia of pregnancy. 

19. Curtis, A. H.: Obstetrics and Gynecology, Philadelphia, W. B. Saunders 
Company, 1933, vol. 1. Katsch.1% 
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Drug Poisoning.—Our records included 11 cases of acute drug 
poisoning and 8 cases of acute alcoholism. The former subgroup 
included 3 cases of poisoning with barbiturates, 2 with carbon monoxide 
and 1 each with chloroform, morphine, acetanilid, compound solution 
of cresol, carbon tetrachloride and arsenic. Of the 11 cases, in 7 the 
diastase levels were below 60, and in the remaining 4 (2 cases of bar- 
biturate, 1 of morphine and 1 of acetanilid poisoning) the levels ranged 
between 70 and 90. Of the cases of acute alcoholism, in 4 the diastase 
levels were below 60 and in 4 they ranged between 60 and 80. The 
impairment of hepatic function is reflected in the low diastase values 
in the majority of these cases of drug poisoning. 

Burns.—While recognizable pathologic changes in the liver are not 
usually found in cases of burns, it is hardly possible for the liver to 
escape the effects of the variable degrees of toxemia that, as a rule, 
accompanies these conditions. Our records included 22 cases of second 
and third degree burns. In general, the more severe the burn, the 
greater the drop in the diastase level. The levels determined in all 8 
cases of severe third degree burns fell in the range below 60. Of the 
remaining 14 cases, in 7 the diastase levels were below 60, in 4 they 
ranged between 60 and 80 and in 3 they were above 80. 

Hyperthyroidism.—In previous reports from this laboratory *° it 
was shown that increased thyroid activity is accompanied by a decrease 
in the diastatic activity of the blood. This was attributed to the involve- 
ment of the liver that usually accompanies thyrotoxicosis. This involve- 
ment is manifested clinically by the occasional appearance of jaundice, 
physiologically by impairment of function as measured by different liver 
function tests, experimentally by evidence of hepatic dysfunction after 
administration of thyroid and morphologically by patchy chronic paren- 
chymatous interlobular hepatitis, occasionally with areas of focal necro- 
sis. Figure 7B shows the diastase levels determined in 78 cases 
of thyrotoxicosis, including a number of cases more completely studied 
before.“ In the majority of the cases the patients presented low values 
at the time of admission to the hospital. While our chart does not 
include subsequent determinations, our observations in general support 
the conviction that the diastase level in the same person varies inversely 
with the degree of toxicity. 

Effect of Anesthesia.—There have been a few reports on the effect 
of anesthesia on the blood diastase. On the whole, little effect is 


20. Bartlett, W., Jr.: (a) Effects upon Blood Amylase of Variations in 
Thyroid Activity, Proc. Soc. Exper. Biol. & Med. 36:843, 1937; (b) Variations 
of Blood Amylase with Thyroid Activity, Tr. Am. A. Study Goiter, 1938, p. 494. 

21. Waller, C. V.: Hepatic Pathology in Exophthalmic Goiter, Ann. Int. Med. 
7:543, 1933. Bartlett, W., Jr.: The Role of the Liver in Thyrotoxicosis, Surgery 
3:261, 1938. 
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btained with any type of anesthesia, with the exception of chloroform 

anesthesia. Ether anesthesia resulted in variable changes in the diastase 
level.22 Of great interest is the effect on blood diastase of chloroform, 
which exerts a destructive effect on the parenchyma of the liver.** All 
investigators obtained unmistakable lowering of the blood diastase after 
the administration of chloroform.** It was also demonstrated that the 
decrease in diastatic activity was proportional to the length of anesthesia 
and especially to the amount of liver tissue damaged. Decreases, how- 
ever, were observed even when lesions could not be demonstrated in 
the liver.?% 

Our clinical material on the effect of anesthesia does not lend itself 
to analysis. First, we do not use chloroform anesthesia in this hospital. 
Second, the possible effect of anesthesia cannot be divorced from the 
effect of the operative procedure. The foregoing observations, how- 
ever, lead us to assume that, with the exception of chloroform anesthesia, 
the usual forms of clinical anesthesia effect little change in the level of 
blood diastase. 

Effect of Surgical Operations.—Probably no organ requires as much 
ministration in the preoperative and postoperative management of sur- 
gical patients as does the liver. Active measures are generally taken to 
preserve or to improve the functional capacity of that organ whenever 
major operative measures are contemplated. Analysis of the diastase 
levels determined in a group of selected surgical cases shows that, in 
spite of these efforts, the liver is appreciably affected by major surgical 
procedures. Figure 8 (A and B) represents the preoperative and post- 
operative diastase determinations in 287 cases in which before operation 
there was no recognizable evidence of direct or indirect hepatic damage. 
In these cases after the patients were subjected to major operative pro- 
cedures directed to tissues or organs other than the biliary tract, diastase 
determinations were performed, a few as early as the day of operation 
and some as late as ten days after operation. In the group as a whole 


22. (a) Watanabe, C. K.: Studies on Animal Diastases, Am. J. Physiol. 
45:30, 1917. (b) Davis, L. H., and Ross, E. L.: The Sources of Diastases of 
the Blood, ibid. 56:22, 1921. (c) Karsner, H. T.; Koeckert, H. L., and Wahl, 
S. A.: The Diastatic Activity of the Blood in Experimental Hyperglycemia, 
J. Exper. Med. 34:349, 1921. (d) Reid, C., and Narayana, B.: Studies in Blood 
Diastase: Factors Which Cause Variations in the Amount of Diastase in the Blood, 
Quart. J. Exper. Physiol. 20:305, 1930. (¢) Foged, J.: The Clinical Significance 
f Diastasuria: II. Postoperative Diastasuria, Acta chir. Scandinav. 69:543, 1931. 
(f) Zucker, Newburger and Berg.1° 

23. (a) Flagg, P. J.: The Art of Anesthesia, ed. 2, Philadelphia, J. B. 
Lippincott Company, 1919. (b) Cajori, F. A., and Vars, H. M.: The Effect of 
Chloroform Anesthesia on Serum Amylase and Liver Esterase, Am. J. Physiol 
124:149, 1938. 

24. Carlson, A. J., and Luckhardt, A. B.: On the Diastases in the Blood and 
the Body Fluids, Am. J. Physiol. 28:148, 1908. Zucker, Newburger and Berg.1% 
Davis and Ross.22b Cajori and Vars. 28> 
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there was a tendency of the diastase level to fall to subnormal values 
after operation. The greatest decreases were observed on the third and 
fourth postoperative days, after which there was a tendency to return 
to the normal range. The few patients showing postoperative diastase 
levels above normal may reflect a certain degree of renal damage. 
Other Conditions Affecting the Liver—It is difficult to draw the 
line between involvement and noninvolvement of the liver in certain 
conditions, particularly when such ill defined criteria as functional fac- 
tors are considered. For example, certain extensive traumas, such as 
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Fig. 8.—Blood diastase levels in 287 cases in which major operations were 
performed. A, preoperative determinations ; B, postoperative determinations. 


compound fractures and multiple large contusions or hematomas, are 
probably not without effect on the liver. Certain prolonged debilitating 
illnesses undoubtedly are to be considered as factors that may. cause 
some hepatic damage. These problematic factors do not lend them- 
selves well to statistical analysis. 


CONCLUSIONS 
1. A statistical study of considerable clinical material confirms the 
view previously advanced from this laboratory that subnormal diastase 
levels are indicative of impaired hepatic function. 
2. A decrease in blood diastase on repeated determination is espe- 
cially significant. 
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In another report from this laboratory ' the normal range of diastatic 
activity of the blood was established, based on determinations by the 
analytic technic of Somogyi.? It was shown that this range lies between 
80 and 150 and that the ranges between 60 and 80 and between 150 and 
180 are on the borderline of normal. Diastase values below 60 and 
above 200 are considered definitely abnormal. The present report is 
concerned with pathologic conditions which in general are associated with 
abnormal increases in the level of the blood diastase. Those associated 
with subnormal levels were discussed in a separate report.° 

The patients whose cases are included in this study were admitted 
between 1933 and 1938 to the Jewish Hospital, a general hospital for 
patients with acute conditions, excluding contagious and mental diseases. 
Since only one determination was made in the majority of cases, we have 
disregarded repeated determinations in the same cases and have selected 
only the initial values for our compilation. Because in some of our 
cases, particularly those in which there were the greatest changes of blood 
diastase from the normal, a number of determinations were made, the 
statistics do not necessarily indicate values for the maximum change 
Cases in which the patients were readmitted to the hospital were dealt 
with as new cases. 


Aided by the David May—Florence G. May Fund. 

From the laboratory and the Department of Surgery, Jewish Hospital, and 
the Department of Surgery, Washington University School of Medicine. 

1. Somogyi, M.: Diastatic Activity of Human Blood, Arch. Int. Med. 67:665 
(March) 1941, Somogyi states: “The terms diastase and amylase are often used 
interchangeably. I prefer the term diastase to denote the enzyme dealt with in 
this study, an enzyme which is not only an amylase, but a glycogenase and a 
dextrinase as well.” 

2. Somogyi, M.: Micromethods for the Estimation of Diastase, J. Biol. Chem 
125: 399, 1938. 

3. Gray, S. H.; Probstein, J. G., and Heifetz, C. J.: Clinical Studies on 
Blood Diastase: I. Low Blood Diastase as an Index of Impaired Hepatic Function, 
Arch. Int. Med., this issue, p. 805. 
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Abnormally high levels of blood diastase have long been observed, 
since they are amenable to detection by means of rather crude analytic 
methods. Although such levels were generally considered as resulting 
exclusively from disease of the pancreas,‘ it is now known that elevated 
values for blood diastase may also be obtained in cases of impaired renal 
function and of some acute diseases of the salivary gland. 


PANCREATIC DISEASE 


An increase in the blood diastase in cases of acute pancreatic disorders 
has been frequently noted. Determination of the diastase level was first 
hailed as a test for pancreatic function, and some authors still harbor the 
conviction that any pathologic condition of pancreatic origin is associated 
with an elevation of the diastase level. It has been shown by animal experi- 
mentation that all pancreatic lesions, whether the result of trauma, liga- 
tion of the duct, acute pancreatitis or partial pancreatectomy, cause rises 
in blood diastase which persist for only a few days ; then the diastase levels 
tend to revert to normal. Hence, changes in blood diastase of pancreatic 
origin are usually temporary. This is precisely the experience in cases 
of diseases of the human pancreas. Only the acute diseases of the 
pancreas produce notable changes in the blood diastase. Chronic lesions, 
such as benign and malignant tumors and chronic pancreatitis, either 
have no effect at all ° or produce an increase in diastase only by sudden 
acute involvement of previously unaffected pancreatic tissue. For 
example, a carcinoma of the pancreas might be present in its early stages 
without causing any change in the blood diastase. As the lesion spread, 
there might be fairly rapid occlusion of a pancreatic duct or artery, 
resulting in a sudden elevation of the diastase level which would be fol- 
lowed by a return to the previous level. Further spread of the lesion 
might even cause sudden inflammatory involvement of adjacent normal 


4. Unger, E., and Heuss, H.: Internistisches Korreferat zur Chirurgie des 
Pankreas, Arch. f. klin. Chir. 148:71, 1927. Walzel, P.: Zur Diagnose und 
Therapie der akuten Pankreasnekrose, Beitr. z. klin. Chir. 147:1, 1929. Bernhard: 
Die Bedeutung der Lipase- und Diastasebestimmungen fir die chirurgischen Ein- 
griffe an den Gallenwegen, Arch. f. klin. Chir. 173:14, 1932. Peterson, L.: Einege 
Worte tiber die Diagnose und Behandlung der akuten Pankreaskrankheiten, Zen- 
tralbl. f. Chir. 61:133, 1934. 
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pancreatic tissue, resulting in another temporary rise in the diastase level. 
Ihe low grade inflammatory lesions vaguely denoted as chronic pan- 
creatitis would, according to this concept, produce no changes in the blood 
diastase, and such has been the experience of clinicians. 

The use of the term “acute pancreatic lesions” is tantamount to 
specifying acute pancreatitis. In no other condition has the diastase 
determination been of such clinical value. Whether the lesion is of the 
edematous, hemorrhagic, suppurative or necrotic type, any of which may 
be different stages of the same process, there is always an elevation of 
the diastase during the acute stage of the disease. This rise occurs 
almost simultaneously with the onset of symptoms. In the transient 
type of lesion,” which we believe by far the most common, the elevation 
of the diastase may last no longer than thirty-six to forty-eight hours ; 
however, it may persist for a number of days, presumably in the more 
severe and more progressive lesions. The mechanism responsible for 
the rise associated with acute pancreatitis has been discussed previously.” 

The early and repeated use of the diastase test during such emergen- 
cies has in our experience uncovered cases of transient acute pancreatitis 
which would have otherwise masqueraded under other diagnoses. We 
have previously expressed the view that the role of the pancreas in the 
production of pain in the upper part of the abdomen has frequently been 
overlooked.”* Since all cases of acute pancreatitis are associated with 
an elevated diastase level early during the illness, it is logical to assume 
that if normal diastase values are obtained during the height of an attack, 
the pancreas may be excluded from consideration in the problem of dif- 
ferential diagnosis. Isolated reports of cases of acute pancreatitis in 
which the diastase values are normal probably reflect mistaken diagnoses 
or tardy diastase determinations. The last assumption finds support in 
a few of our own observations. We feel that repeated determinations of 
the diastase in the blood and urine of patients with acute pain in the 
upper part of the abdomen will reveal that a surprisingly large number 
of them have transient acute pancreatitis. 

Figure 1 is a graphic representation of the diastase levels of 36 
patients with acute pancreatitis at the time they were admitted to the 
Jewish Hospital. It may be noted that the values were greatly elevated 
above the normal level, the majority being well above 500 and that in 
1 case being as high as 3,600. It may be mentioned here that urine 
diastase values ran as high as 25,000. As has been stated before, the 


7. (a) Zoepffel, H.: Das akute Pankreasédem, eine Vorstufe der akuten Pan- 
kreasnekrose, Deutsche Ztschr. f. Chir. 175:301, 1922. (5) Archibald, E.: Acute 
Edema of the Pancreas, Ann. Surg. 90:803, 1929. (c) Leveuf, J.: Les pan- 
créatites oedémateuses, Rev. crit. de path. et de thérap. 2:373, 1931. (d) Elman, R 
The Variations of Blood Amylase During Acute Transient Disease of the Pancreas. 
Ann. Surg. 105:379, 1937. (e) Gray, S. H.; Probstein, J. G., and Heifetz, C. J 
Transient Acute Pancreatitis, ibid. 108:1029, 1938. 
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values on this chart do not necessarily represent the highest level in each 
case. For example, in 1 case in which there was an initial blood diastase 
level of 189, a maximum level of 610 developed later. The former level 
is included in the chart, while the latter is not. In 2 other cases in which 
the blood diastase levels were 170 and 192, respectively, the determina- 
tions were undoubtedly made late during the attack, for the urine diastase 
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Fig. 1—Blood diastase levels in 36 cases of acute pancreatitis. 


levels determined at the same time were 1,426 and 1,600, respectively, 
and shortly thereafter the levels in the urine dropped to normal. The 
lag of change in urine diastase by several hours can sometimes be utilized 
to help establish a diagnosis of acute pancreatitis, if the patient is seen 
during the subsidence of an attack. 

After the height of an attack, a gradual or precipitous drop of the 
blood diastase to a normal or even a subnormal level could always be 
observed. Since in many cases acute pancreatitis is associated with 
disease of the biliary tract, the drop to a subnormal level can be ascribed 
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to the latter. In 2 of our cases the disease was proved at autopsy to be 
of the necrotic type; in the remainder, 10 of which were included in a 
previous report,”* it fell in the group of transient pancreatitis. Since it 
is not our custom to operate on patients with such a condition during 
the acute attack, the exact nature of the lesions was not disclosed. It 
is probable that the disease in the majority of cases would have gone 
unrecognized if diastase determinations had not been performed. Our 
hospital records show few cases of diagnosed acute pancreatitis prior to 
the introduction of diastase determinations in our laboratory, whereas in 
the last few years this condition has been encountered with increasing 
frequency. 
PERFORATING PEPTIC ULCER 

In a previous report from this laboratory * it was shown that when 
a peptic ulcer penetrates into or near the pancreas there is a teudency 
for the diastase to rise slightly above the normal level, but not nearly as 
high as in cases of acute pancreatitis. With perforatisiis occurring else- 
where no such rises were obtained. The elevations associated with 
posterior perforations are, therefore, due to invoivement of the pancreas. 
The relatively small rise is commensurate with the small localized nature 
of the process and the ability of the superficially necrotic tissue to drain 
into the stomach or duodenum. 

The task of differentiating this relatively uncommon type of perfora- 
tion from acute pancreatitis is not an easy one. Althougit the diastase 
level is generally considerably lower in cases of the former, thes is no 
sharp line of demarcation between the levels associated with the one and 
with the other. At the same tame the differentiation is of the utmost 
clinical importance, since the treatment of perforations is almost always 
surgical, while we consider operative measures contraindicated during 
the acute stages of acute pancreatitis.*° Here, clinical judgment, as it 
should be, is the paramount determining factor. No such problem, of 
course, arises in cases of anterior perforations, which constitute by far 
the majority.® 

DISEASES OF THE SALIVARY GLANDS 

Elevated diastase values have been found in cases of acute infection of 

the parotid gland, including some cases of mumps.'® In a small series 


8. Probstein, J. G.; Wheeler, P. A., and Gray, S. H.: Perforated Peptic 
Ulcer: Its Differentiation from Acute Pancreatitis by Blood Diastase Determina- 
tions, J. Lab. & Clin. Med. 24:449 (Feb.) 1939. 

9. Walton, A. J.: Surgery of Stomach and Duodenum, in Nelson New Loose- 
Leaf Surgery, New York, Thomas Nelson & Sons, 1937, vol. 5, p. 47. 

10. (a) Dunlop, G. A.: The Diastatic Index in Acute Parotitis, Lancet 2:183, 
1933. (b) Branistéanu, D., and Boutroux, A.: Contribution a l'étude de I’élimina- 
tion de l’amylase urinaire dans divers cas normaux et pathologiques, Arch. d. mal. 
de l’app. digestif 23:746, 1933. 
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of cases of mumps at the St. Louis City Isolation Hospital, no elevatio: 
of the blood diastase was found. Our own observations have been 
confined to only a few cases of disease of the salivary glands. Appreciabk 
increases in the diastase level were observed in cases of calculous obstruc- 
tion to the salivary duct and in cases of suppurative lesions. 

The possibility of confusing acute diseases of the salivary glands wit! 
those of the pancreas is remote, since a pathologic condition of the salivary 
gland is relatively easy to recognize. 


RENAL DISEASES 


The blood diastase level may be elevated in still another condition, 
namely, the accumulation of diastase in the blood due to failure of renal 
excretion. The exact renal mechanism of diastase excretion is not 
known. It is known, however, that impaired renal function is usually 
associated with retention of diastase in the blood** and diminished 
excretion in the urine.’? 

The ratio of urine diastase to blood diastase has been suggested as 
an index of renal function.** It was pointed out in a preliminary report 


11. (a) Stocks, P.: The Quantitative Determination of Amylase in Blood 
Serum and Urine as an Aid to Diagnosis, Quart. J. Med. 9:216, 1916. (b) Myers, 
C. V., and Killian, J. A.: Studies on Animal Diastases: I. The Increased Diastatic 
Activity of the Blood in Diabetes and Nephritis, J. Biol. Chem. 29:179, 1917. 
(c) Harrison, G. A., and Lawrence, R. D.: Diastase in Blood and Urine as a 
Measure of Renal Efficiency, Lancet 1:169, 1923. (d) Stafford, D. D., and Addis, 
T.: Diastase Determinations in Urine and Blood as a Method for the Measure- 
ment of the Functional Capacity of the Kidney, Quart. J. Med. 17:151, 1924 
(e) Gray, S. H., and Somogyi, M.: Relationship Between Blood Amylase and 
Urinary Amylase in Man, Proc. Soc. Exper. Biol. & Med. 36:253, 1937. (f) 
Brill.5b 
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der Ausscheidung von diastatischem Ferment im Urin, Deutsche med. Wchnschr. 
37:923, 1911. (c) Marino, E.: Ueber die diagnostische Bedeutung der Dia- 
staseausscheidung im Harn, Deutsches Arch. f. klin. Med. 103:325, 1911. (d) 
Corbett, D.: The Quantitative Estimation of Amylolytic Ferments in the Urine 
as a Measure of Certain Pathological Conditions, Quart. J. Med. 6:351, 1913 
(e) Rowntree, L. G.; Marshall, E. K., Jr., and Baetjer, W. A.: Further Studies 
of Renal Function in Renal, Cardiorenal and Cardiac Diseases, Arch. Int. Med 
15:543 (April) 1915. (f) Wallis, R. L. M.: Demonstration on the Diastase 
Content of the Urine in Toxemias of Pregnancy, Brit. M. J. 2:273, 1920. (9) 
Sladden, A. F.: Some Observations on the Diastase Reaction of the Urine, Lancet 
2:68, 1922. (h) Schmerel, F.: Ueber die verminderte Diastasewirkung des Harns 
bei Nierenerkrankungen und beim Diabetes, Biochem. Ztschr. 208:415, 1929. (1) 
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from our laboratory *** that under normal conditions there is a well 
defined relationship between the diastase level of the blood and that of 
the urine. This relationship is such that the ratio of the amount of 
diastase excreted in the urine per hour to the diastatic activity of the blood 
is always above unity. When renal retention is present, this ratio falls 
to unity or below unity. The more severe the retention, the lower this 
ratio becomes. At the same time diastase accumulates in the blood and 
may rise considerably above the normal level. An increase in blood 
diastase, however, is not always present. For example, the pathologic 
condition causing the disturbance of renal function may at the same time 
produce impairment of hepatic function. Since the latter condition tends 
to lower the blood diastase level, a normal or subnormal blood diastase 
level may result when both impaired hepatic function and impaired renal 
function are effective concurrently. Even so, reversal of the urine 
diastase—blood diastase ratio is present. Thus, several of our cases in 
which there were subnormal blood diastase values and virtual absence 
of urine diastase become readily understandable. 

It has been suggested that the diminished urinary excretion of diastase 
associated with renal diseases be employed as a test of renal function." 
We have found this inaccurate and inapplicable, partly because of the 
wide fluctuations in the diastase content of normal urines and partly 
because low urine diastase may be simply the sequel of low blood diastase. 
Thus it is evident that diastase determinations for renal function furnish 
information only if the blood diastase and urine diastase are estimated 
simultaneously. Such estimations of diastase in this laboratory have 
given results roughly paralleling those of other renal function tests. 

It is likely that the occasional finding of an elevated blood diastase 
level in an apparently healthy normal person may be due to a slight 
degree of renal retention which escapes symptomatic and clinical observa- 
tion. This assumption suggests the advisability of determining the urine 
diastase—blood diastase ratio whenever moderately elevated blood diastase 
values are found. In this way early disturbances in renal excretion may 
be uncovered. 

Figure 2 shows the blood diastase levels in 111 cases of renal insuf- 
ficiency, selected on the basis of clinical and laboratory data. The group 
comprises cases of acute and chronic glomerulonephritis, idiopathic and 
toxic nephrosis, suppurative lesions of various types (especially obstruc- 
tive), nephrosclerosis and the like. In many of the cases there was asso- 
ciated azotemia. Included were 32 cases in which clinical and laboratory 
data presented evidence of impaired renal function, but in which blood 
diastase levels were below 200. Unfortunately, the failure to determine 


14. Wohlgemuth, J.: Experimentelle Beitrage zur Priifung der Nierenfunk- 
tion, Ztschr. f. Urol. 5:801, 1911. 
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the urine diastase levels in 20 of these cases gave us an incomplet: 
picture of the renal excretion of diastase. However, determinations oi 
urine diastase were made in the other 12 cases in which blood diastas« 
levels were below 200, in 10 of which a reversal of the urine diastase 
blood diastase ratio was found. The majority of the diastase levels in 
our cases of renal insufficiency fell within the range of 200 to 500. It 
is notable that while in 72.3 per cent of the cases of acute pancreatitis 
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Fig. 2.—Blood diastase levels in 111 cases of renal insufficiency. 
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the diastase levels were above 500, in only 13.5 per cent of the cases of 
renal insufficiency were there levels above this figure. In these 15 cases 
there was renal impairment of the severest degree, and in only 2 were the 
diastase levels slightly above 1,000. It can be seen, therefore, that the 
blood diastase in cases of renal diseases seldom attains the height reached 
in cases of acute pancreatitis. 
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CONCLUSIONS 

1. Elevated blood diastase values are found in cases of acute pan- 
reatitis, perforation of peptic ulcer into or near the pancreas, occlusion 
of the salivary duct, suppuration of the salivary glands and impairment 
of renal function. 

2. When the blood diastase level is elevated to 1,000 or higher, in 
general it is safe to assume the presence of acute pancreatitis. Rare 
exceptions are encountered in cases of occlusion of the salivary duct 
The clinical picture here will allow differentiation without difficulty. 

3. When moderate degrees of elevated blood diastase, e. g., 200 to 
1,000, are found, it becomes indispensable to determine the urine 
diastase—-blood diastase ratio. If this ratio is lowered to unity or below 
unity, the primary cause is deficient renal excretion of diastase. The 
increase of the diastase level under such circumstances seldom exceeds 
500, but in a few cases of exceptionally severe renal insufficiency in a 
group of 111 cases blood diastase levels as high as 1,000 were observed 

4. Moderate increases in blood diastase also may occur in cases of 
perforation of posterior peptic ulcer into or near the pancreas. While 
the increases in these cases rarely approach those found in cases of acute 
pancreatitis, the differentiation of these two conditions by means of 
diastase determinations alone is unsafe. 

5. Diastase determinations judiciously correlated with clinical obser- 
vations and other laboratory data offer an important aid to diagnosis. 
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EFFECT OF EDEMA AND INTEGUMENTARY INFIL- 
TRATIONS ON BASAL METABOLISM, ELECTRO- 
CARDIOGRAM AND BLOOD CHOLESTEROL 


ELI MOSCHCOWITZ, M.D. 
NEW YORK 


The most obvious example of a lowering of basal metabolism occur- 
ring in an edematous state is witnessed in the so-called nephroses, or 
better termed “hypoproteinemias.” Because of this association, Epstein ' 
regarded “nephrosis” as a metabolic disease. Indeed, the remarkable 
tolerance of patients with such a condition for thyroid preparations 
seemed to justify this contention. However, with the evolution of the 
broader concept of the “nephrosis” it soon became apparent that the 
disease could not be a primary metabolic disorder, because a lowered 
basal metabolism accompanies most conditions, both renal and extrarenal, 
in which hypoproteinemia is a prominent finding. In other words, the 
lowered basal metabolism is a secondary and not a primary phenomenon, 
and the immediate issue with which this study is concerned is the deter- 
mination of the factor or factors which cause its depression. This in turn 
leads to a larger problem, namely, the relation of lowered metabolism to 
edematous states of the human frame of other than hypoproteinemic 
origins. 

Investigations of the first-named problem have hitherto been few 
and mostly theoretic. Volhard * dismissed the problem with the remark 
that whether the low basal metabolic rate is due to increased elimination, 
inactivation or insufficient absorption of thyroxin is unknown. Platt ° 
applied himself directly to the solution of the questions propounded by 
Volhard and, employing the tadpole test on the urine of patients with 
“nephrosis,” found that “beyond doubt nothing approaching the amount 
of thyroxin administered is being excreted by the patient in an unchanged 
condition. It is therefore presumed that thyroxin is either being rapidly 
destroyed in the body or its action is inhibited.” Platt also held that 


From the Second Medical Service, Mount Sinai Hospital. 
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the hypothesis that thyroxin is not absorbed in “nephrosis” can be laid 
aside, since thyroxin introduced intravenously is as well tolerated as 
that taken orally. Platt’s experiments are vitiated by the assumption 
that the basal metabolism is controlled by the thyroid secretion alone. 
The thyroid factor seems also to have been considered as dominant by 
Wolbach and Blackfan,* who found in 8 cases of “nephrosis” a diminu- 
tion of colloid in the thyroid gland similar to that found in malnutrition. 
Eppinger ° also found a diffuse parenchymatous damage in the thyroid 
gland in “war edema,” but he did not regard this finding as of much 
consequence, because the same lesion is found in so many nonedematous 
states. On the other hand, Barker and Kirk® found no changes in 
morbid anatomy in the thyroid glands of animals made edematous by 
plasmapheresis, so that they inferred that the lowered basal metabolism 
is probably only a protective mechanism similar to that witnessed in 
inanition and starvation. Fahr‘ expressed the belief that the lowered 
basal metabolism in “nephrosis” is produced by a number of factors: 
(1) the added weight of the water, inclusion of which in the calculation 
tends to lower the determined metabolism by between 5 to 10 per cent 
of the total calories; (2) the fact that patients with such conditions eat 
less than their basal requirements and are therefore in a state of chronic 
starvation, and (3) the thyroid hormone may be filtered out of the blood 
in the same manner as the smaller colloidal particles of serum albumin. 
Epstein and Lande * explained the lowered basal metabolism in “nephro- 
sis” as the result of a defective protein metabolism in this disease and a 
diminution in the specific dynamic action normally imparted by the 
products of protein metabolism. After observing 4 patients suffering 
from diabetes and nephritis with edema, Aub and DuBois ® expressed 
the belief that the diminished metabolism was to be expected in an 
organism diluted by a large mass of inert fluid. In one child, the basal 
metabolism may have been further lowered by a restricted diet for a 
period of two months before the calorimetric observation. 


4. Wolbach, S. B., and Blackfan, K. D.: Clinical and Pathologic Studies on 
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This foregoing survey reveals the confusion surrounding the problem 
and suggests that a host of factors is involved. As the normal basal 
metabolism is maintained and modified by many factors, a discussion oi 
those pertinent to the problem is essential. 


FACTORS PERTINENT TO THE PROBLEM 


1. Weight and Surface Area.—It must be obvious that the increase 
in weight that arises in “nephrotic” conditions, especially in the form of 
inert water, must modify basal metabolic readings when the computa- 
tion is made, as in general practice, according to a weight-surface area 
formula. The greater the weight and therefore the greater the surface 
area, the lower the tendency to a lower calorimetric reading. The cor- 
rection for each person is practically impossible, because the physician 
is only rarely aware of the basal metabolic rate of the patient before the 
nephrotic syndrome set in; nevertheless, according to Boothby and 
Sandiford,’® who found in 94 cases of obesity that the basal metabolism 
was within 10 per cent of normal in 81 per cent and within 15 per cent 
in 95 per cent of the cases, one can estimate that the correction need 
never be more than 10 per cent or perhaps 15 per cent, a reading 
which is higher than that found in the average case of “nephrosis.” 
The readings will also not be greatly modified by the fact that in 
“nephrosis” the increment in weight is water, whereas in ordinary 
endogenous obesity it is stored fat, because both are comparatively inert 
as far as influencing the metabolism is concerned. 

It may be concluded, therefore, that the increase in weight and 
surface area in a given case of the nephrotic syndrome may lower the 
basal metabolic rate to a certain degree, but that these increases are 
responsible only for a moiety of the lowering. 

2. Undernutrition—A lowered caloric intake, especially of protein, 
may unquestionably lower the basal metabolism in a given case of the 
nephrotic syndrome. This was particularly relevant in former years, 
when a low protein diet and a corresponding emphasis on a high carbo- 
hydrate diet were the fashion. However, I have observed that even 
with seemingly adequate diets the initial basal metabolism of patients with 
“nephrosis” is remarkably low, and, moreover, the metabolism is not 
appreciably influenced by a diet rich in protein, probably for the reason 
that when the nephrotic syndrome is the result of loss of protein the loss 
compensates quickly for the excess of intake. One may conclude, there- 
fore, that in an occasional patient with “nephrosis” the basal metabolism 
may be lowered by a low protein diet and inanition, but this factor is 
responsible for only a fraction of the lowered basal metabolic rate. 


10. Boothby, W. M., and Sandiford, I.: J. Biol. Chem. 54:783, 1922. 
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3. Specific Dynamic Action—The loss or inadequate formation of 
protein in the various forms of the nephrotic syndrome in combination 
with an inadequate intake of protein would suggest that part or all of the 
loss of calory production may be the result of loss of specific dynamic 
action, in which protein is by far the most potent element. Studies on 
the specific dynamic action of protein in “nephrosis” are unfortunately 
not available, but in a case of aggravated nephrotic syndrome con- 
sequent on glomerulonephritis with a consistent basal metabolic rate of 
between — 30 and — 40 per cent, Dr. William Hitzig found the specific 
dynamic action to be perfectly normal. 

4. Lack of Exercise and Sedentary Life-—As patients with a 
nephrotic syndrome perforce must lead sedentary lives, the basal 
metabolism tends to be somewhat lower. To what extent a sedentary 
existence lowers the metabolism among the multitude of other factors 
to which the patient is subject it is impossible to calculate, but the proba- 
bility is strong that the amount is insignificant. 

5. Anemia.—The part played by the secondary anemia that usually 
accompanies a nephrotic syndrome is also difficult to estimate because of 
many other complicating factors, for instance, the inactivity of the 
patient that often accompanies an anemic state. Furthermore, the cause 
of the anemia in “nephrotic” conditions is not known, nor is it by any 
means certain that the anemia in “nephrosis” is the result rather than a 
cause of the lowered basal metabolism. In this connection, the investiga- 
tions of Bomford “ on the anemia of myxedema are intriguing. He held 
that the thyroid gland in myxedema plays no part in erythropoiesis and 
that the anemia in myxedema, unless complicated by a deficiency of iron 
or liver, is a physiologic adaptation on the part of the erythron to a 
diminished need of the tissues for oxygen. He observed three types of 
anemia in association with myxedema. The simple hypochromatic type 
is the uncomplicated anemia of myxedema. It is considered to be part 
of a decrease in the size of the erythron, which takes place in hypo- 
thyroidism as a physiologic compensation for diminished need of the 
tissues for oxygen, and to be akin to the anemia which appears in animals 
exposed to atmospheres with a tension of oxygen greater than normal. 
This interesting hypothesis may with reason be applied to the mecha- 
nism of the development of the anemia in the “nephroses,” especially 
as an “erythrotoxic” substance has not been demonstrated in this clinical 
group. 

6. Thyroid Activity.—It is only natural, in view of the extraordinary 
tolerance for thyroid preparations and the benefit derived therefrom, that 
the lowered basal metabolism in “nephroses” should be viewed as the 
sole or the major result of diminished thyroid activity. This reasoning 
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involves two possible fallacies: (@) The basal metabolism is entirely the 
result of thyroid activity. Actually, as Means ** demonstrated, it is 
responsible for only about 40 to 45 per cent of the basal metabolism. 
There is no valid reason why the depression of the metabolism should be 
shouldered on the thyroid moiety alone. As I have pointed out, there 
is no consistent evidence that the secretion of thyroxin is either dimin- 
ished or inhibited or that thyroxin is poorly absorbed in “nephrotic” 
conditions. (b) The high tolerance for, and therapeutic benefits of 
thyroid preparations in, patients with “nephroses” indicate a true defi- 
ciency therapy. There is at present no direct evidence that this is so. 
The fact that thyroid preparations are well borne and efficient in 
maladies of nonthyroid origin, such as war edema, anorexia nervosa, 
endogenous obesity and especially the edematous form of scleroderma, 
indicates that the effect of thyroid preparations in these conditions is not 
specific but symptomatic. As will be seen, all morbid conditions accom- 
panied by a low basal metabolism, no matter of what origin, are also 
accompanied by an extraordinary tolerance for thyroid therapy. 

These six factors constitute all that have been discussed by previous 
investigators. There is one other factor that requires serious con- 
sideration. 

7. The Edema Acting as a Suit of Clothes—Rubner ** found that 
a guinea pig exposed to environmental temperatures below 30 C. showed 
an increased metabolism. Animals protected by a thick fur or a heavy 
layer of subcutaneous fat do not reveal any change in metabolism when 
exposed to environmental temperatures between 20 and 30 C. Loewy * 
exposed men to cold air and baths and found that in 47 per cent the 
metabolism was increased 5 to 91 per cent. He expressed the belief 
that the rise was the result of conscious or unconscious shivering. 
Gessler ** and his associates found that the basal metabolic rate of 
subjects exposed nude in a cool room increased 10 to 20 per cent as 
compared with that of normal controls. Hill** found that the metab- 
olism was much higher in persons sitting outdoors, especially in cold 
weather. Hill, Campbell and Gauvain*'’ studied the metabolism of 
children undergoing open air treatment and found in all an increased 
basal metabolism. Also their metabolism was higher in winter than in 
summer. According to Deighton,"* clothing or a coat of hair or fur 
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greatly reduces both conduction and convection externally and hence 
greatly affects basal metabolism. Giaja*® found an increase in basal 
metabolism of 78 per cent in geese and 54 per cent in hens as the result 
of the removal of feathers. Benedict *° found that the metabolism was 
raised 50 per cent in the “scraggly” pigeon, a bird with a slight feathery 
covering. Benedict, Landauer and Fox *! found that the frizzle hen has 
a considerably higher metabolism than normally feathered fowls. Its 
surface temperature is 6 C. (10.8 F.) higher than that of fowls with a 
normal plumage. This animal also shows a lack of fatty deposit, an 
enlarged thyroid gland and an increased heart rate. Boas and 
Landauer ** reported that hypertrophy of the heart occurs regularly in 
frizzle fowls. Boas, Landauer and Fox ascribed the cause of the high 
metabolic rate to the deficiency of plumage, which causes a high loss of 
body heat. The thyroid enlargement they regarded as compensatory. 
Ritzman and Benedict ** found that after a 6 year old fasting ram was 
shorn its basal metabolism was considerably higher. Under normal 
circumstances, man instinctively compensates for a rise in metabolism 
by changing his environment—by going to a warm place or by using 
hot water bottles or by putting on additional clothing. Hamilton and 
Barbour ** showed that when the body is exposed to cold, water leaves 
the blood and accumulates in and under the skin, thus acting as an 
emergency insulator. 

The last observations may be applied as one of the explanations for 
the lowered basal metabolism in edematous conditions of the human 
frame. As water is a poor conductor of heat, any considerable edema 
of the integument or subcutaneous tissues should act as a suit of clothes 
and tend to keep the metabolism at a lower level. The fact that this 
pad of water acts as an insulator and protects the inward heat from 
reaching the surface is the probable reason that patients with edema 
feel cold easily and do not sweat and why in patients with such con- 
ditions, in contrast to normal persons, as a general rule the rectal heat 
is disproportionately higher than the body heat. The validity of this 
mechanism is supported by the remarkable observation that a lowered 
basal metabolism is the rule in other conditions, aside from nephrotic 
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syndromes, that are associated with edema and integumentary thickening. 
I refer especially to myxedema, to the edematous form of scleroderma, to 
certain forms of cardiac edema and to ichthyosis. 

A. Myxedema: The thickening of the cutaneous and subcutaneous 
tissues and of some of the parenchymatous tissues in myxedema is 
supposed to be due to a deposit of mucin, but Ord’s * original obser- 
vations which led to the introduction of the term myxedema into medical 
nomenclature have by no means been sufficiently confirmed. Some 
observers claimed to have found mucin in the tissues, while others 
reported they did not. Wegelin** in his comprehensive study of 
myxedema states that mucin.is by no means a uniform finding and that 
if it is found its localization is entirely bizarre. In experimentally 
produced myxedema the finding of mucin in the tissues has been reported 
by Horsley ** in apes, but Halpenny and Gunn in their experimental 
animals never found mucin. Krestmein ** held also that the occurrence 
of mucin in myxedema is capricious and that it may be found in the early 
stages, but not in the later. In the few biopsies that have been per- 
formed in Mount Sinai Hospital in suspected cases of myxedema the 
presence of mucin has not been demonstrated. In view of the mass of 
negative evidence, one wonders, therefore, whether this disease has been 
correctly named. At all events, no matter what the nature of the 
edematous fluid may be, the fact that is of interest at present is the 
presence of a fluid in the tissue that acts as an insulator. 

It is conventionally regarded that the lowered basal metabolism in 
myxedema is due to the absence or diminution of thyroid secretion and 
that therefore there is a direct linear relationship between the two. This 
cannot be accepted unconditionally in view of the observations of Blum- 
gart and Davis,” who found after complete thyroidectomy for a cardiac 
disorder that although the basal metabolism usually showed appreciable 
lowering by the end of the first postoperative week, it did not reach 
its lowest values until between the end of the third and the ninth week 
after operation. They concluded: “The first definite clinical signs and 
symptoms of hypothyroidism generally appeared between the first and 
second months after operation and usually did not occur until after the 
basal metabolic rate had remained low for weeks or even months.” In 
view of the mechanism of the development of the low metabolism in the 
nephrotic syndrome as I have tried to outline it, it seems reasonable to 
wonder whether the lowering of the basal metabolism in myxedema 
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does not bear so much a direct linear relationship to the absence of 
thyroid substance as an indirect one to the development of edema, espe- 
cially in view of the fact that the basal metabolism does not attain its 
lowest level until the period when the edema becomes manifest. 
Obviously I do not ignore the possibility that the thyroid secretion does 
not suddenly escape from the body and that the organism may accumulate 
a sufficient reserve to act for some time or the possibility that some of 
the other metabolic forces may partially compensate, but the period for 
the development of maximum evidences of athyreosis is much longer 
than that witnessed after complete removal of any other endocrine organ. 
Hypothetic considerations aside, the only valid way to determine this 
point is to determine how soon thyroid substance disappears after com- 
plete thyroidectomy. Unfortunately, at present there is no accurate 
quantitative measure of thyroid secretion in the blood. 

B. The Edematous Type of Scleroderma: Scleroderma is described 
as occurring in three stages, the edematous, the indurative and the 
atrophic (Ehrmann and Briinauer,*® Longcope **). The recognition of 
the edematous phase of scleroderma is important not only on clinical 
grounds but also because, as I shall try to show, the basal metabolic 
rate in scleroderma varies, other factors being equal, according to the 
stage in which the reading is taken. It is low in the edematous phase 
and normal in the indurative and atrophic phases. This accounts for 
the wide variations in the basal metabolic readings in reported cases of 
scleroderma. Thus O’Leary and Nomland * found in 38 cases that the 
basal metabolism was within normal limits. On the other hand, Bose 
and De ** found in 5 cases that the basal metabolism was between — 16 
and — 32 per cent, averaging — 23.4 per cent. From their report one 
cannot determine in how many of their cases the scleroderma was in the 
edematous phase. Ehrmann and Briinauer “ in their extensive mono- 
graph on scleroderma dismiss this aspect of variation in metabolism 
with the assertion that the basal metabolism in scleroderma is sometimes 
elevated, normal or low. Longcope “ in a report of 8 cases recorded 
such figures for the basal metabolism as — 23, — 13, —11 and — 4. 
One cannot ascertain from his report in which of these cases the 
edematous phase was present. 

It has been my privilege to observe the slow evolution of the typical 
indurative scleroderma from the edematous phase over a prolonged 
period in 2 cases. 
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REPORT OF CASES 


Case 1.—L. T. L., a man aged 48, was first observed April 15, 1931, for a 
swelling of the left leg of three months’ duration. The swelling appeared only 
during the day and disappeared after overnight rest. There was a distinct pitting 
edema of the left leg extending from the knee down. Physical examination 
revealed no manifest cause. The urine was perfectly clear. The cardiovascular 
system was normal; there was no evidence of phlebitis. On May 21, 1933 the 
condition had not altered in the least. The patient disappeared from my observa- 
tion, and for the history of the subsequent course of the disease I am indebted 
to Drs. Hauswirth and William Hitzig. The patient consulted Dr. Hauswirth 
on Sept. 14, 1938, complaining of massive swelling of the lower left extremity 
of eight years’ duration, thickening of the skin of the hands during the past 
three years and changes in his voice during the past two years. 

The patient was perfectly well until eight years ago, when a swelling of his 
left ankle developed. He consulted various physicians, who found no definite 
abnormality. He disregarded the persistent edema of the ankle and felt fairly 
well in spite of the fact that the swelling gradually ascended to involve the left 
leg and thigh. Four years ago he became sexually impotent. Three years ago 
the skin of his hands began to thicken. At this time Dr. David Ball found the 
basal metabolic rate and electrocardiogram normal. Albumin was present in the 
urine. Several months later severe pains developed in his back; he was again 
checked up completely, but the findings were negative. 

Two years ago hoarseness developed; the patient spoke in a whisper. A 
biopsy of the vocal cord was done, but nothing abnormal was found. 

Fifteen months ago the patient underwent complete roentgen examination, but 
no abnormality was discovered. One year ago he was under observation at the 
Polyclinic Hospital. Complete studies of the blood and roentgen studies again 
yielded normal results. A neurologist suggested the diagnosis of muscular dys- 
trophy. The patient was put to bed, and prostigmine was administered daily. 
Laryngologic examination and roentgenograms of the throat revealed no abnor- 
mality. 

One year ago a hard lump on the forehead and thickenings of the face and 
tongue developed. He was placed under the care of Dr. Cecil at the New York 
Hospital. A biopsy of skin taken from the shoulder region was made. No diagnosis 
was made, although scleroderma was definitely excluded. 

Dr. Foster Kennedy examined the patient and suggested quinine in large doses 
and testosterone propionate (oretone was the preparation used). The patient did 
not experience any relief. At about this-time grip with high fever developed. It 
was observed that during this episode his voice returned to normal. Fever therapy 
was tried by Dr. Kovacs without effect. Administration of quinine and testosterone 
propionate was continued for several months without any demonstrable effect. 
He was again given prostigmine, receiving a hypodermic injection of the methyl- 
sulfate and 2 tablets of the bromide daily. 

Six months ago a massive edema of the right leg devcloped; the swelling 
ascended to the left gluteal region and involved the abdomen, chest wall and neck. 
Weakness and fatigability on walking developed, as did a marked increase in 
weight and slight dysphagia and vocal changes. 

Physical Examination.—The patient appeared chronically ill. He had a high- 
pitched, squeaky voice, which at times was completely lost or was replaced by a 
whisper. He had a fixed facial expression, and the usual facial landmarks seemed 
obliterated. The forehead had a few small bumps due to localized induration of 
the skin. The skin of the face was generally thickened and indurated and did 
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t pit on pressure; the lips seemed firm and unyielding; the tongue was enlarged 
and firm and felt like a cast made of wax. The edges of the tongue showed an 
mmobile pattern of his teeth. The soft palate, the pillars and the pharynx were 
involved in this indurative process. The movements of the tongue were limited, 
and the patient was unable to project the tongue beyond the margin of the teeth. 
His neck felt firm; the induration was most marked posteriorly. The skin of the 
thorax was also shiny and indurated, but the respiratory excursions were not 
significantly limited. The lungs were clear. The heart sounds were of fair quality ; 
no murmurs were present. The blood pressure was 96 systolic and 60 diastolic. The 
abdominal wall was thickened because of the induration and edema of the panniculus ; 
the lower portion and pubic region were firm and massive and pitted slightly on 
pressure. No viscera could be palpated through this swollen abdominal wall. The 
genitalia appeared large and normal; the skin of the shaft of the penis was not 
wrinkled and seemed involved by the sclerosing process. The penis itself felt 
heavier than normal. The gluteal region was firm and immovable, and the skin 
felt leathery. The external inguinal rings were firm, indurated and patent and 
admitted one finger. There was elephantiasis of both lower extremities, of the left 
more than of the right. The peripheral pulses were patent. In addition to actual 
thickening of the skin of the lower extremities, there was also a pitting edema 
which extended upward to the femoral region. The skin of the hands and fingers 
was fairly adherent to the underlying structures and seemed immovable. It appeared 
shiny and atrophic. The indurative process actually interfered with flexion of 
the fingers so that the patient could not make a fist. 

Because of the massive edema the patient’s intake of fluids was limited and 
diuretic therapy instituted. Mercupurin was injected intravenously but was without 
dramatic effect. Small doses of thryoxin were given intravenously. (The patient 
could not tolerate thyroid by mouth because of his dysphagia.) The thyroxin 
was progressively increased until the patient was receiving about 10 mg. of the 
drug intravenously three times a week. This therapy combined with periodic 
injections of mercupurin gradually diminished his edema and softened and reduced 
slightly the sclerodermatous patches, chiefly those of the buttocks, suprapubic 
region, face and hands. He was also able to open his mouth more freely, and 
mastication was slightly improved. The anemia remained intractable and did 
not respond to ferrous sulfate administered by mouth in large doses or to repeated 
injections of liver extract given intramuscularly. On one occasion, for a period 
of several weeks the aforementioned therapy was discontinued and the previously 
noted hard swellings again became manifest. The thyroxin and mercupurin by 
intravenous injection and the liver extract by intramuscular injection were 
readministered; some clinical improvement resulted. One day the patient began 
to complain of pain in the chest and of shortness of breath. His lips became 
cyanotic and his tachypnea very marked. The respiratory frequency was out of 
proportion to the increased heart rate, and the clinical picture was more sug- 
gestive of pulmonary embolism than of thyroid intoxication. The patient died 
a few days later. 

Laboratory Tests—The albumin in the urine varied between a trace and an 
amount sufficient to give a 1 plus reaction; dextrose was absent. Microscopic 
examination showed hyaline and granular casts. 

The examination oi the blood showed: On Oct. 10, 1938, the hemoglobin 
content was 50 per cent; the erythrocyte count, 3,450,000, and the leukocyte count, 
4,600, with polymorphonuclears 69 per cent, lymphocytes 25 per cent and mono- 
cytes 6 per cent. A smear showed anisocytosis, slight poikilocytosis and an occasional 
macrocyte. On October 19 the hemoglobin content was 55 per cent; the erythrocyte 
count, 3,300,000, and the leukocyte count, 5,200, with polymorphonuclears 63 per 
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cent, lymphocytes 29 per cent and monocytes 8 per cent. On October 27 the urea 
nitrogen content was 24 mg. and the cholesterol content 165 mg. per hundred cubic 
centimeters. On Jan. 5, 1939, the cholesterol content was 210 mg. per hundred cubic 
centimeters (both cholesterol readings were taken after thyroid therapy was 
instituted). 

The congo red test for amyloidosis on January 9 showed a retention of 40 per 
cent of the dye after one hour. The urine collected one hour after the injection 
of the dye gave a negative reaction for congo red. In view of these findings, 
one must consider that there was a moderate amount of amyloidosis present. 

The basal metabolic rate was —-7 per cent after intensive thyroid therapy. 

The electrocardiogram showed a regular sinus rhythm with a rate of 120 
per minute, a left ventricular preponderance, a QRS complex slurred and of low 





Fig. 1 (case 1).—Electrocardiogram in a case of scleroderma (edematous stage) 
showing mainly low voltage in all leads. 


voltage in all leads and an RT segment slightly depressed in leads I and II and 
slightly elevated in leads III and IV. The T wave was semi-upright in lead I, 
isoelectric in lead II and equivocally isoelectric in lead III (fig 1). 
Summary.—In a man aged 48 who presented at first a localized edema and 
later a generalized edema of unknown origin and of at least five or six years’ 
duration there eventually developed the clinical evidences of indurative scleroderma. 
The basal metabolism unfortunately was not determined during the earlier periods 
of observation, but one reading taken in the later phase, after intensive thyroid 
medication, showed —/7 per cent, so the inference is that the basal metabolism 
must have been considerably lower before thyroid medication was instituted. 
Case 2—M. N., a machinist 54 years of age, was admitted to the Mount 
Sinai Hospital Nov. 16, 1938. The family history was irrelevant. Six months 
before the patient’s admission, following trauma, pain in the lower part of the 
back developed. For three or four months he noted that he became cold easily 
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and that he felt more comfortable in hot weather. There were decrease in sweating 
and puffiness of the eyelids and face. The voice became thicker, and he noted 
stiffness and clumsiness of all his joints, especially in the fingers. There developed 
increased firmness of the skin, especially of the hands, paresthesia of the hands 
and feet, occasional tinnitus, decrease in hearing, constipation and fatigability 
He noticed a distinct slowing of all activity. The mouth and tongue became sensi- 
tive to hot and spiced foods. His previously florid complexion was lost. In the 
past five to six months there was a decrease in sexual potency. Eight months 
previous to admission the patient consulted a physician for hyperhidrosis; hyper- 
tension was discovered at that time. 

Physical Examination.—The patient appeared well developed, well nourished. 
stocky and phlegmatic. The arteries of the fundus were narrow with an exag 
gerated reflex. The pharynx and tonsils were edematous. The thyroid gland was 
not palpable. The lungs were clear. The heart was enlarged to the left; the 
auricular second sound was louder than the pulmonic second sound; the rhythm 
was regular, with a rate of 90. The blood pressure was 210 systolic and 140 
diastolic. The prostate gland was enlarged. The eyebrows were thin, especially 
laterally. The hair of the scalp, the pubis and the axilla was thin. The skin 
was dry and felt doughy. There was a distinct pitting edema of the lower 
extremities and of the face. On the acral portions of the extremities, particularly 





Fig. 2 (case 2).—Electrocardiogram in a case of scleroderma (edematous stage) 
showing mainly low voltage in all leads. 


the palms and soles, the skin was hard and thick. On the forehead and malar 
eminences the skin was also thickened. The neurologic examination gave nega- 
tive results. The hemoglobin content was 106 per cent. The erythrocyte count 
was 6,400,000; the leukocyte count was 12,300, with a normal differential count. 
The urea nitrogen content of the blood was 17 mg. per hundred cubic centimeters, 
the dextrose content 85 mg., the phosphorus content 4.4 mg., the calcium content 
11.2 mg. and the cholesterol content 410 mg. The albumin content was 5.1 per 
cent and the globulin content 1.7 per cent. The icteric index was 5. The urine 
showed a faint trace of albumin; the specific gravity was 1.018. The venous pres- 
sure was 5.5 cm. with no rise when pressure was exerted on the liver. The sac- 
charine circulation time was thirty seconds. The sedimentation rate was three 
hours. A renal concentration test showed that the urine could be concentrated to a 
specific gravity of 1.022. A Rehfuss test revealed free acid up to 40, total acid 
to 65 and no blood. Roentgen examination of the chest showed a moderate diffuse 
dilatation of the aorta. Roentgen examination of the spine showed slight irregular 
hypertrophic changes and a calcified area on the right side of the abdomen, 
probably representing old calcified glands. The electrocardiogram revealed low 
voltage of the QRS complex with a normal sinus rhythm, a tendency to left 
ventricular preponderance, a notching and slurring of the QRS complex, a slight 
depression of the RT segment in leads II and III and isoelectric T waves (fig. 2) 
The first reading of the basal metbolic rate was —14 per cent, and subsequent 
readings were — 17, —22, —20 and —31 per cent. A biopsy of the skin showed 


no mucin. 
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The diagnosis was myxedema or scleroderma or a combined form of sclero 
derma and myxedema. The creatinine tolerance test showed an _ excretion 
within normal limits. Thyroid was given in doses up to 3 grains (0.19 Gm.) 
daily; after 35 grains (2.27 Gm.) was taken during a period of two and a half 
weeks, the basal metabolic rate rose from — 31 to —2 per cent. The skin over the 
acral portions of the extremities seemed more pliable and softer. The electro- 
cardiogram showed an increase in amplitude of the T waves. The blood choles- 
terol fell 275 mg. per hundred cubic centimeters. The patient claimed he felt 
warmer. The pulse rate did not increase. He lost 11 pounds (5 Kg.) in 
weight. The blood pressure was reduced to 145 systolic and 95 diastolic and later 
to 120 systolic and 80 diastolic. A dextrose tolerance test performed during 
the medication with thyroid revealed an elevation of blood dextrose from 100 mg. 
to 165 mg. per hundred cubic centimeters in one hour, and the patient was found 
to have a small amount of sugar in the urine. He was discharged and advised to 
return to the follow-up clinic. A recent examination of this patient (September 
1939) shows that the edema is still present, although less than before, despite active 
medication with thyroid U. S. P. in doses of 3 grains. The evidences of sclero- 
derma have not changed. 

Summary.—A man aged 54 presented a more or less generalized edema of short 
duration associated with typical sclerodermatous changes, especially of the face 
and hands. The basal metabolism was consistently low on numerous occ*sions. 
The cholesterol content was high, and the electrocardiogram showed low QRS 
complexes. The diagnosis rested among myxedema, scleroderma and a combination 
of both. It seemed that the diagnosis of a pure myxedema could be definitely 
excluded because a restitutio ad integrum of the edema on medication with thyroid 
was not consummated. In view of the manifest evidence of scleroderma and 
the fact that edema is a common predecessor or accompaniment of scleroderma, 
the probability is strong that the diagnosis in this case is that of an unalloyed 
scleroderma and not a combination of myxedema and scleroderma. Indeed, the 
finding of a low basal metabolism in the edematous form of scleroderma and the 
extraordinary tolerance of patients with such a condition for thyroid medication has 
led many observers to report the association of these two maladies (Ehrmann 
and Briinauer,®4 Sequeira,*> Roberts,°* Vallery-Radot, Pasteur, Hillemand, and 
Chomereau-Lamotte,*7 Hannay,?% Rothman *®). The mere fact that the associa- 
tion of two such uncommon maladies as scleroderma and myxedema in the same 
persons is reported more frequently than the laws of chance would allow should 
make one suspect that the two are different maladies and that the edematous 
form of scleroderma, while simulating myxedema in many of its clinical aspects, 
is not identical with the disease. 


C. Prolonged Cardiac Failure with Edema: If the thesis that a low 
basal metabolism is sequential to edema is correct, one would expect the 
same sequence of events in right-sided cardiac failure with edema of 
long duration. The following case report is illustrative : 
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H. B., a man aged 61, was admitted to the Mount Sinai Hospital on July 
28, 1939. He was in excellent health until three years before, when while walking 
he experienced a sudden attack of shortness of breath, a sense of heaviness in 
the precordium and marked weakness. He was kept in bed for six weeks and 
soon felt well enough to do light work. Six months before he had a similar attack. 
He was put to bed and given digitalis; on this kind of therapy he improved 
Digitalis therapy was continued, and he was given one injection of mercupurin 
about every four weeks. He felt fairly well as long as he stayed at home. About 
six weeks before admission he became dyspneic at rest and his abdomen became 
distended. He was again put to bed and given mercupurin three times weekly, but 
he showed no improvement. For the past six months he had had little appetite 
and had lost about 50 pounds (22.5 Kg.). 

Physical Examination.—The lungs were moderately emphysematous; there were 
signs of fluid in the right part of the chest from the angle of the scapula 
downward. The heart was greatly enlarged to the left. The right border per- 
cussed 2 cm. to the right of the sternal border in the fourth interspace. The rhythm 
was totally irregular. There was a loud systolic murmur all over the precordium, 
loudest at the apex. The blood pressure was 110 systolic and 60 diastolic. The 
liver extended three fingerbreadths below the costal margin; the spleen was not 
palpable. Both lower extremities were markedly edematous. 





Fig. 3.—Electrocardiogram in a case of right-sided cardiac failure with anasarca 
but without dyspnea showing low voltage and auricular fibrillation. 


Diagnosis—The diagnosis was: arteriosclerotic heart disease; coronary occlu- 
sion (?); auricular fibrillation; congestive heart failure; right hydrothorax; 
rheumatic heart disease. (?). 

Laboratory Data.—On admission, the blood count showed: hemoglobin content 
109 per cent and leukocytes 15,700, with a differential count of segmented poly- 
morphonuclears 78 per cent, nonsegmented polymorphonuclears 14 per cent, 
lymphocytes 6 per cent, mononuclears 1 per cent and basophils 1 per cent. The 
venous pressure was 4 cm. The urea content of the blood was 18 mg. per hundred 
cubic centimeters, the dextrose content 115 mg., the cholesterol content 385 mg. 
and the total protein content 5.4 mg. The icteric index was 21. The Wassermann 
reaction of the blood was negative. The basal metabolism was —16 per cent. 
On September 12, the basal metabolism was —20 per cent. The blood protein on 
four occasions varied between 4.6 and 6.0 mg. per hundred cubic centimeters. The 
blood cholesterol on September 5 was 270 mg. and on September 20, 385 mg. 
per hundred cubic centimeters. The total blood volume was 97 cc. per kilogram, 
a high normal value. The urine concentrated to 1.018 and showed albumin at all 
times, varying between a trace and an amount sufficient to give a 2 plus reaction. 

The electrocardiogram on July 29 showed auricular fibrillation and a QRS 
complex of moderately low voltage and slightly slurred. The T waves were 
low in the standard leads (fig. 3). Subsequent electrocardiograms showed no 
change except on one occasion, when ventricular extrasystoles were present. 
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Roentgen examination of the chest at the time of the patient’s admission showed 
a generalized enlargement of the heart. The lungs were markedly congested, 
and there were a few irregular deposits in the right lung which might have 
represented infarcts. A subsequent roentgenogram (made September 9) showed 
a disappearance of the previous infiltrations. 

Summary.—A man aged 61 had a history of a coronary closure occurring three 
years previously and another of six months’ duration. Six weeks previous to 
admission, ascites developed. The patient revealed evidence of right-sided cardiac 
failure with generalized anasarca. The basal metabolism readings were — 16 
and —20 per cent. The blood cholesterol was 270 and 385 mg. per hundred 
cubic centimeters. The electrocardiographic curve, in addition to auricular fibrilla- 
tion, showed low voltage and slight slurring of the QRS complexes. 


In acute cardiac failure with dyspnea, tachycardia and edema of 
recent origin any tendency toward a lowering of the basal metabolism 
would be neutralized by an elevation consequent on the usually attendant 
dyspnea and tachycardia. Moreover, the probability is strong that an 
edema of only short duration would not have much effect on the basal 
metabolic rate. 

D. Ichthyosis: In the conditions I have described, namely, the 
nephrotic syndrome, myxedema, the edematous form of scleroderma and 
prolonged right-sided failure with edema, the “suit of clothes” is not 
limited to the integument but invades to a greater or lesser extent the 
interstitial and even parenchymatous tissues. Many are familiar with 
the occurrence of fluid in the serous surfaces in nephrotic syndromes and 
in right-sided cardiac failure and with the occurrence of fluid in the 
cardiac muscle in myxedema, causing “myxedema heart.” In sclero- 
derma, not only are changes in the mucous membranes of the upper part 
of the digestive and of the respiratory tract common, but even interstitial 
changes in the muscles and parenchymatous organs are found (Ehrmann 
and Briinauer *°). In ichthyosis, on the other hand, the “suit of clothes” 
is exclusively limited to the skin, and the thickening, according to 
Porter,*® is the result of an increased cornification, an exaggerated pro- 
duction of epidermal scales and a greatly thickened stratum corneum. 
Nevertheless, it is an interesting confirmation of my thesis that despite 
this limitation the basal metabolism in many cases in ichthyosis is lowered. 
Thus, Bose and De ** found in 18 patients with ichthyosis that the basal 
metabolism varied between — 12 per cent and -—— 37 per cent, averag- 
ing — 27.5 per cent. Porter *° found the basal metabolism below normal 
in 70 per cent of 10 children with ichthyosis, while in adults it was 
below normal in 25 per cent. In 1 case, that of a girl aged 13 observed 
by Dr. Samuel Averbuck, the basal metabolic rate was —25 per cent, 
and the pulse rate was 76. This girl was physically normal in every 
other respect. 


40. Porter, A.: Brit. J. Dermat. 38:475, 1926. 
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The low basal metabolic rate in ichthyosis together with the notorious 
tolerance of patients with this condition for thyroid medication led many 
dermatologists to regard ichthyosis as a disease of metabolism. The 
association also explains, as in scleroderma, the not infrequent reports 
of the occurrence of myxedema and ichthyosis in the same patient 
(Porter *). 


SIGNIFICANCE OF THE BLOOD CHOLESTEROL LEVEL IN 
EDEMATOUS STATES 


In addition to the causal relationship between edematous states 
and the lowered basal metabolic states, it is a remarkable fact that in 
most of the conditions I have described the blood cholesterol values 
were elevated. The question arises whether it is the edema or the 
metabolic rate that influences the blood cholesterol level. Epstein 
and Lande ® in 1922 called attention to the relationship between the 
basal metabolic rate and the blood cholesterol in thyroid disease, the 
rate being low with a high cholesterol level and vice versa. In true 
myxedema the blood cholesterol is uniformly high, while hyperthyroid 
conditions tend to diminish the level of the cholesterol in the blood 
(Mason, Hunt and Hurxthal*). However, as these observers point 
out, there is no definite correlation between the basal metabolism and 
the blood cholesterol. Moreover, low metabolic rates may be accom- 
panied by a normal or a diminished value for blood cholesterol. For 
instance, in Addison’s disease and in anorexia nervosa, maladies in which 
the basal metabolism is low, the cholesterol values are likewise low. 
Confirmation of the lack of correlation between the basal metabolism 
and the blood cholesterol is furnished by the observations of Grant and 
Schube *? and Cutting, Rytand and Tainter ** based on the results of 
medication with alphadinitrophenol. Grant and Schube demonstrated 
that the blood cholesterol after administration of alphadinitrophenol 
usually showed a deviation from the normal, which was usually in a 
positive direction. The range of this deviation was not the same in 
all cases. In some, the blood cholesterol after a preliminary rise dropped 
below normal before stabilizing itself within the original range. Cut- 
ting, Rytand and Tainter showed that the correlation between the basal 
metabolic rate and the blood cholesterol level was not present when the 
metabolism was raised by administration of sodium alphadinitrophenol 
and concluded that the blood cholesterol content is not related directly 
to the metabolic rate but is influenced by other actions of the thyroid 





41. Mason, R. L.; Hunt, H. M., and Hurxthal, L. M.: New England J. 
Med. 203:1273, 1930. 

42. Grant, L. F., and Schube, P. G.: J. Lab. & Clin. Med. 29:56, 1934. 

43. Cutting, W. C.; Rytand, D. A., and Tainter, M. L.: J. Clin. Investigation 
13:547, 1934. 
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secretion. It is a fair presumption, therefore, that the elevated blood 
cholesterol in my cases was not directly consequent on the low meta- 
bolic rate, but depended on some other factor or factors. Whether 
the edema alone is directly or indirectly responsible for the elevated 
cholesterol cannot, in the light of the complexities of cholesterol metab- 
olism, be answered with any assurance, but the possibility certainly is 
suggestive. Certainly, one may assert that the factor that brings about 
edema is not responsible, because in the conditions that I have described 
the mechanisms are entirely diverse. It would appear that the elevated 
blood cholesterol in edematous states is either a compensatory or a 
teleologic phenomenon, but the nature of this phenomenon is, in the 
present state of knowledge, entirely speculative. 


SIGNIFICANCE OF THE LOW VOLTAGE IN ELECTROCARDIOGRAPHIC 
TRACINGS IN EDEMATOUS STATES 


A low voltage in the electrocardiogram, both of the QRS compiex 
and of the T waves, is conventionally regarded as characteristic of 
myxedema and is supposed to be due to myxedematous infiltration of 
the heart muscle. It is apparent that such an electrocardiogram is by 
no means characteristic of the so-called myxedema heart, because iden- 
tical electrocardiographic tracings are found in all the edematous con- 
ditions I have described, namely, “nephrotic syndromes,” the edematous 
form of scleroderma and certain forms of right-sided cardiac failure. 
The mechanism whereby such low electrocardiographic tracings are 
produced in edematous states is not clear. Poor conductivity arising 
from the edematous skin cannot be the cause, because identical curves 
are obtained by use of needle electrodes that pierce the skin. It is con- 
ceivable that edema of the myocardium may be the mechanism causing 
the low voltage, a mechanism that has been advanced to explain the 
characteristic low voltage in the electrocardiogram of the “myxedema” 
heart. Such an explanation may be valid in conditions of anasarca but 
cannot account for the low voltage witnessed in maladies such as the 
edematous form of scleroderma or ichthyosis, in which the “suit of 
clothes” is strictly integumentary.** That the low voltage bears a 
direct relationship to the low metabolic rate is shown by observations 
on patients with anorexia nervosa, in whom the basal metabolism is 
notoriously low and in whom no form of edema or integumentary thick- 
ening is present. 

Of 8 cases of anorexia nervosa observed in the Mount Sinai Hos- 


pital during the past few years, electrocardiograms were taken in 2 


cases. In both there was low voltage. 


44. The same reasoning applies to the possibility that a pericardial effusion 
may cause the low voltage. As a matter of fact, a pericardial effusion was not 
demonstrable in any of the cases that I have cited. 
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A girl 17 years of age gave a history of the loss of 20 pounds (9 Kg). of 
weight, anorexia and amenorrhea. The basal metabolic rates on three occasions 
were — 23, —25 and — 26 per cent. The value for blood cholesterol was 310 mg. 
per hundred cubic centimeters. The electrocardiogram showed a low voltage of 
both the QRS complexes and the T waves. 

A boy aged 14 gave a history of anorexia and a decrease in weight from 137 
pounds to 88 pounds (40 Kg.). The value for blood cholesterol was 240 mg. 
per hundred cubic centimeters. The basal metabolic rates were — 47, —49 and 
—51 per cent. The electrocardiogram showed low QRS complexes in leads I, 
III and IV. In lead II they were normal. The T waves were low in leads I 
and IV. 

SUMMARY AND CONCLUSIONS 

None of the previously considered hypotheses for the explanation 
of the lowered basal metabolism in “nephrosis” is adequate. Evidence 
is adduced to prove that the condition is due to the edematous fluid 
which acts as a suit of clothes, thereby preventing conduction, radiation 
and convection of heat. This mechanism of the lowered metabolism 
applies not only to “nephrosis” but to other conditions accompanied by 
edema or integumentary thickenings. I refer especially to myxedema, 
the edematous form of scleroderma, chronic edematous right-sided 
cardiac failure unassociated with dyspnea, and ichthyosis. Concomitant 
findings in these conditions associated with a lowered basal metabolism 
are (1) a low electrocardiographic curve indistinguishable from that of 
the myxedema heart and (2) a high level of cholesterol in the blood. 
Finally, these conditions are characterized by an unusual tolerance for 
the administration of thyroid preparations. 
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PERSONS LACKING SWEAT GLANDS 


HEREDITARY ECTODERMAL DYSPLASIA OF THE ANHIDROTIC TYPE 


F. WILLIAM SUNDERMAN, M.D., Px.D. 
PHILADELPHIA 


Studies are reported on 3 patients with hereditary ectodermal dys- 
plasia. With the exception of the family described by Darwin,’ this is 
apparently the first report of the affliction occurring in three members 
of one family in the same generation. Special studies on these persons 
include serum analyses and observations on the effect of exposure to 
high environmental temperatures. 

The literature pertaining to hereditary ectodermal dysplasia has 
been reviewed by MacKee and Andrews,? Weech,’ Gordon and Jamie- 
son,* Lord and Wolfe,’ de Silva® and others. In 1929 Weech listed 
10 cases of this unusual condition ; in 1931 Gordon and Jamieson listed 
21 cases, and more recently, in 1938, Lord and Wolfe tabulated in 
chronologic order more than 40 cases described in the literature together 
with a bibliography pertaining to them. 

The salient features of the disease are: the absence of sweat glands 
and occasionally of lacrimal glands; the growth of scanty, fine lanugo 
type of hair; the total absence or incomplete development of teeth, and 
the presence of chronic rhinitis, frequently associated with loss of the 
sense of smell. Weech, in 1929, proposed for the name of this syndrome 
hereditary ectodermal dysplasia of the anhidrotic type, since (1) the 


From the Medical Division of the Hospital of the University of Pennsylvania, 
the Department of Research Medicine and the William Pepper Laboratory of 
Clinical Medicine. 

1. Darwin, C.: The Variation of Animals and Plants Under Domestication, 
New York, D. Appleton and Company, 1896, vol. 2, p. 319. 

2. MacKee, G. M., and Andrews, G. C.: Congenital Ectodermal Defect, Arch. 
Dermat. & Syph. 10:673 (Dec.) 1924. 

3. Weech, A. A.: Hereditary Ectodermal Dysplasia (Congenital Ectodermal 
Defect), Am. J. Dis. Child. 37:766 (April) 1929. 

4. Gordon, W. H., and Jamieson, R. C.: Hereditary Ectodermal Dysplasia of 
the Anhidrotic Type, Ann. Int. Med. 5:358, 1931. 

5. Lord, L. W., and Wolfe, W. D.: Hereditary Ectodermal Dysplasia of the 
Anhidrotic Type (Congenital Ectodermal Defect), Arch. Dermat. & Syph. 38:893 
(Dec.) 1938. 

6. de Silva, P. C. C.: Hereditary Ectodermal Dysplasia of the Anhidrotic 
Type, Quart. J. Med. 8:97, 1939. 
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tissues principally affected were of ectodermal origin, (2) the condi- 
tion represented a developmental anomaly and (3) the data gave evi- 
dence of a hereditary tendency. 

Various authors * attributed the report of the first case to Wedder- 
burn, in 1838. According to Lord and Wolfe, however, the first report 
was published by Thurnam® in 1848, when he described 2 cases. I 
have been unable to find any reference to Wedderburn’s report except 
the following excerpt from Darwin’s writings, cited by Cockayne: ° 


I may give an analogous case, communicated to me by Mr. W. Wedderburn, 
of a Hindoo family in Scinde, in which ten men, in the course of four generations, 
were furnished in both jaws taken together, with only four small and weak incisor 
teeth and with eight posterior molars. The men thus affected have little hair on 
the body, and become bald early in life. They also suffer much during hot weather 
from excessive dryness of the skin. 


The literature relating to the symptomatology of this developmental 
anomaly has been reviewed in detail by several authors, notably Smith,*’ 
MacKee and Andrews,’ Weech * and Clouston." 


HISTORY AND PHYSICAL EXAMINATIONS 


For the sake of brevity the histories of these persons will not be 
recorded separately but will be discussed as a group. 

Three brothers, P. B., who is 22 years of age, J. B., who is 20, and 
A. B., who is 5, are members of a family of 10 children of Italian 
parents. On cursory survey the parents and the other 7 children 
appear normal and relatively healthy and present no apparent congenital 
defects. Although no accurate genealogic data have been obtainable, it 
is asserted that the grandparents, aunts, uncles and cousins presented 
none of the defects observed in these 3 brothers. 

The chief complaints of these patients are fever and headache when 
exposed to high temperatures. The patients are said to have appeared 
normal at birth and during early infancy. However as they grew older, 
normal deciduous teeth failed to develop, they never perspired and 2 
of them were unable to shed tears. In childhood their noses became of 


7. (a) Thannhauser, S. J.: Hereditary Ectodermal Dysplasia of the “Anhy- 
drotic Type” with Symptoms of Adrenal Medulla Insufficiency and with Abnor- 
malities of Bones of Skull, J. A. M. A. 106:908 (March 14) 1936. (b) 
Jadassohn, J.: Handbuch der Haut- und Geschlechtskrankheiten, Berlin, Julius 
Springer, 1932, vol. 4, pt. 1, p. 43. (c) de Silva.6 

8. Thurnam, J.: Two Cases in Which the Skin, Hair, and Teeth Were Very 
Imperfectly Developed, Med.-Chir. Tr., London 31:71, 1848. 

9. Cockayne, E. A.: Inherited Abnormalities of the Skin and Its Appendages, 
New York, Oxford University Press, 1933, p. 218. Darwin. 

10. Smith, J.: Hereditary Ectodermal Dysplasia, Arch. Dis. Childhood 4:215, 
1929, 

11. Clouston, H. R.: The Major Forms of Hereditary Ectodermal Dysplasia 
(with Autopsy and Biopsies on Anhidrotic Type), Canad. M. A. J. 40:1, 1939. 
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the saddle type and their lips negroid in appearance. Hair failed to 
appear over their extremities, and the hair of the scalp, pubis and 
axillas was sparse. The 2 older boys complained of a continuous, fetid 
nasal discharge since childhood and observed that they had lost their 
ability to distinguish odors. 

During their school days it was discovered that the 2 older boys 
frequently had fever during warm weather. <A positive Mantoux reac- 
tion was obtained on the oldest patient, and he was advised to enter a 
sanatorium for tuberculosis, which he refused to do. As a compromise, 
however, this patient entered the University Hospital for study in 
August 1936, at which time the ectodermal defect was recognized. 
Since that admission the patient and his 2 brothers have been under my 
observation at infrequent intervals. 

The patients have been extremely intolerant of high temperatures. 
During the past few summers the 2 older patients have found it neces- 
sary to apply water over their underclothing in order to keep reason- 
ably cool. During the daytime in the summer months they spend much 
of their time in swimming pools. On warm nights they sleep on the 
cellar floor in order to keep comfortable. Neither of the 2 older patients 
is capable of performing physical work during the summer months. 
The oldest one tricd working as a caddy for two or three days; how- 
ever when exposed to the sun he would collapse and the application 
of cold water was required to revive him. 

At intervals during the periods of observation the 2 older patients 
kept records of their oral temperature. During March and April their 
temperatures, taken four times daily, ranged from 97.4 to 98.6 F. ; during 
July and August their temperatures ranged from 97 to 102.6F. The 
lowest temperatures were usually observed during the morning hours 
and the highest in the afternoon and evening hours. The daily oscilla- 
tions during the summer months usually amounted to 3 degrees (F.) 
or more. Increase in the respiratory and pulse rates was coincident 
with elevations in the temperature. 

The 3 brothers have all been alert, cooperative and of normal intelli- 
gence. Indeed, the 2 older patients graduated from high school and 
held rank in the upper third of their classes. This fact probably would 
not be suspected from their facies (figure). It is noteworthy that 
the published photographs of patients with this dysplasia “exhibit a 
similarity of features.’* It has been pointed out especially by Touraine ** 





12. (a) Janitzkaja, E., and Rjabow, M.: Ein ausgebreiteter Ektodermaldefekt, 
Ztschr. f. klin. Med. 107:381, 1928. (b) Loewy, A., and Wechselmann, W.: Zur 
Physiologie und Pathologie des Wasserwechsels und der Warmregulation seitens 
des Hautorganes, Virchows Arch. f. path. Anat. 206:79, 1911. (c) MacKee and 
Andrews.2, (d) Gordon and Jamieson.4 (e) Lord and Wolfe.6 (f) Thann- 
hauser.7@ 


13. Touraine, A.: L’anhidrose avec hypotrichose et anodontie, Presse méd. 
44:145, 1936. - 
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that in certain cases the resemblances are so striking that patients with 
this affliction might easily be supposed to be members of the same family. 

A description and photographs of the teeth and jaw of the oldest 
patient, P. B., have been published recently by Dr. T. J. Cook,’* the 
dental consultant of the hospital. P. B. has 4 rudimentary, peg-shaped 
canine and molar teeth; J. B. has 6, and A. B. has 5.- The alveolar 
ridges in the lower jaw are poorly developed in each patient. The 
skin is dry, smooth and velvety. Several pigmented areas, present over 
both arms and chest of J. B., are alleged to have been the result of 
burns received in childhood. 















————— 





A, photographs of P. B. and A. B., demonstrating saddle noses and thick, pro- 
trusive lips; B, photograph of J. B., demonstrating the lanugo-like character of 


the hair. 


Roentgenograms of the lungs of the oldest patient revealed no evi- 
dence of parenchymal disease. P. B. and J. B. had roentgenographic 
signs of thickening of the mucous membranes of the frontal and ethmoid 
sinuses. 

The results of urinalyses and the blood counts of the 2 older patients 
were normal. The Wassermann reactions of the blood of these patients 


14. Cook, T. G.: Hereditary Ectodermal Dysplasia of the Anhidrotic Type, 
Am. J. Orthodontics 25:1008, 1939. 
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were repeatedly negative. The basal metabolic rate of J. B. was + 20 
per cent. The sugar tolerance curve of J. B., determined after the 
ingestion of 100 Gm. of dextrose, proved to be of mild diabetic type. 
At the one hour period the blood sugar was 180 mg. and at the two 
hour period 130 mg. per hundred cubic centimeters. The sugar toler- 
ance curve of P. B. was of normal type. 

No laboratory data have been obtainable in the case of the youngest 
brother. 

RESULTS OF SPECIAL STUDIES 

Studies of the nail beds by Dr. J. Q. Griffith indicated the presence 

of a larger number of capillaries than he ordinarily observes in normal 


TABLE 1.—Analyses cf Serums 








P. B. J.B 
mEq. per L. mEq. per L 
Total base (chemically determined).............-.....ce0000- 143.6 144.2 
Sodium............+ sap ehie snawddiinnt ios deebacensvecs ks auankeeas 133.5 133.3 
I hada haha Sin beet ascUOs os vawauvensesebacsagueschece 3.6 3.9 
aie sede tics ssncndbacitivusadecabasetsesdbedsctucetuccs 54 5.3 
ic shdtnccsewne pesdcus caress Uhaedaiawecantensadeosds 1.6 1.6 
kd bb iceiihbb betas edames dons dutbsesninahyanikebean 100.5 101.4 
Ra Lak oa dicts sna has >< cK woes nash oun Ceaed eeeadeeRes 26.4 25.0 
i Reis nc onactchnnsiccssactetiveuceasepsaes 21 
Be bab bddtedeed sexed onscanscseeeiehntecssecssssddacgnnee 12.6 11.3 
Mg. per 100 Ce. Mg. per 100 Ce. 

IN aa a.t Gordian ce wascodteedtuisse suas vesbhécapecnaueel 133 147 
ON aia ns 6 aed degre pen eG i eeF sb bane tenons entanvenes bRoaees 100 65 





* BHCOs = (COz) — 1.27. 
+ BsHPO« 77 
——, assuming pu 7.4 = —— (POs«). 
BH2PO« 23 
BeHPO«. + BH2ePO« = mEq. POs. 
: BPr = 0.97 (Pr) (pa — 5.26). 
Pr = grams of protein per hundred cubic centimeters. 





persons. Measurement of the cardiac output in J. B. showed it to be 
within the normal range. 

Specimens of skin from the axillas of the 2 older patients were 
obtained for biopsy. The sections were examined by Dr. F. D. Weid- 
man, who reported a total absence of eccrine (sweat) glands in both 
patients. The apocrine forms, however, were highly developed, although 
the involuntary muscle around them was hypoplastic. 


Serum Analyses.—Chemical analyses of the blood serum were made 
on specimens obtained from the 2 older patients (table 1). Except 
for diminished concentrations of magnesium in the serum of both 
patients, the composition with respect to electrolytes was within the 
normal range. The slight decrease in the concentration of magnesium 
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in these patients is of interest and might have been anticipated, since 
increase is observed in persons with prolonged hypothermia ** and in 
hibernating animals.** 

The concentration of cholesterol was diminished in the serum of both 
patients. 

Effect of Increasing the Environmental Temperature—Various 
writers have reported that persons devoid of sweat glands may show 
increases of 2 degrees (F.) or more in the body temperature after exer- 
cise, after the ingestion of hot drinks or even on being wrapped too 
warmly (Tendlau,'’ Janitzkaja and Rjabow,'** Smith,*® MacKee and 
Andrews ?). Tendlau and Wechselmann and Loewy observed that expo- 
sure of patients to heat accelerated the respiratory rates, which they 
regarded as a means of increasing heat dissipation comparable to panting 
in dogs. Wechselmann and Loewy demonstrated in their patients that 
the skin lost as much water by insensible perspiration as did that of nor- 
mal persons. Hiebert and Garland ** observed that the cutaneous temper- 
atures in their patient, a child lacking sweat glands, equaled those of 
children with sweat glands who had rectal temperatures of 104.5 F. 

Richardson *® made calorimetric studies on the patient whose case 
was reported by MacKee and Andrews. He demonstrated that 28 per 
cent of the total heat eliminated by this patient during the resting state 
was in the form of water vapor, as compared with 25 per cent found 
for normal persons by Soderstrom and Du Bois.*° Richardson’s studies 
indicated that in the resting state the patient without sweat glands was 
capable of vaporizing water normally through the skin and lungs. How- 
ever, after exercise the elimination of water through the skin and lungs 
was not increased and the body temperature rose. 


15. Sunderman, F. W.; Burton, A. C., and Horak, H. M.: Unpublished data. 
Lustig, B.; Ernst, T., and Reuss, E.: Die Zusammensetzung des Blutes von Helix 
pomatia bei Sommer- und Wintertieren, Biochem. Ztschr. 290:95, 1937. 

16. Suomalainen, P.: Magnesium and Calcium Content of Hedgehog Serum 
During Hibernation, Nature, London 141:470, 1938; Production of Artificial 
Hibernation, ibid. 142:1157, 1938. 

17. Tendlau, B.: Ueber angeborene und erworbene Atrophia cutis idiopathica, 
Virchows Arch. f. path. Anat. 167:465, 1902. 

18. Hiebert, J. M., and Garland, J.: Hereditary Ectodermal Dysplasia of the 
Anhidrotic Type, with Case Report, New England J. Med. 210:784, 1934. 

19. Richardson, H. B.: Clinical Calorimetry: XL. The Effect of the Absence 
of Sweat Glands on the Elimination of Water from the Skin and Lungs, J. Biol. 
Chem. 67:397, 1926. 

20. Soderstrom, G. F., and Du Bois, E. F.: Clinical Calorimetry: XXV. The 
Water Elimination Through Skin and Respiratory Passages in Health and Disease, 
Arch. Int. Med. 19:931 (May) 1917. 
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In table 2 are given data obtained during an experiment in which 
the 2 older patients (P. B. and J. B.) and 2 control subjects (McG. and 
F. W. S.) were placed in a hot room for a period of thirty minutes. 
These 4 persons, under basal conditions, undressed and entered a room 
having a dry bulb temperature of 74 F. and an effective temperature 
of 68 F. After the subjects had rested in this room for approximately 
fifteen minutes, readings of the cutaneous and oral temperatures were 
taken and the subjects were weighed. They then entered a heated room 
having a dry bulb temperature of 100F and an effective temperature 
of 86F. They remained in this room for thirty minutes, after which 
measurements of the cutaneous and oral temperatures were again made 
and the body weights obtained. 


TABLE 2.—Measurements After Change in Environmental Temperature 











Room Tempera- Average Oral Loss of 
ture, F. Skin Tem- Tempera- Weight, 
- ~ perature, ture, Skin and Urine, 
Dry Bulb Effective F. F. Lungs, Gm. Gm. 
Fifteen Minutes’ Exposure to Moderate Temperature 
Patients 
Be TA secsecevsceces 74 68 93.0 98.4 
Nee 74 68 94.6 97.8 
Control subjects 
itvetnbasmteces 74 68 90.9 98.4 
Wes Uk asdendy enews 74 68 90.9 98.4 
Thirty Minutes’ Exposure in Hot Room 
Patients 
i Ge aucbscvaseasse 110 86 104.0 101.4 22 270 
BP Us sb dadwowbasaace 110 86 102.8 102.0 15 150 
Control subjects 
BE Accatwestecsce 110 86 99.6 98.6 262 
if, 2 Ser 110 86 97.8 98.4 360 20 





The cutaneous temperatures were measured at fifteen areas of the 
body surface by means of a thermocouple. The values given in the 
table represent the average of these measurements. 

The effective temperature represents a composite value obtained 
by the measurements of dry bulb and wet bulb temperatures and air 
movements.” Sweating usually occurs at effective temperatures of 78 
to 80 F. 

After twenty minutes’ exposure in the hot room the patients with- 
out sweat glands became hyperpneic, panting somewhat like dogs. Both 
felt sick. Their skins remained dry and velvety, and no moisture could 
be detected anywhere on the surface of their bodies. After thirty 
minutes’ exposure the average cutaneous temperatures of J. B. and P. B. 
increased to 104 and 102.8 F. and the oral temperatures to 101.4 and 


102 F., respectively. The temperatures of the control subjects remained 


21. Bazett, H. C.: Physiological Responses to Heat, Physiol. Rev. 7:531, 1927. 
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within the normal range. The control subjects lost 262 and 360 Gm., 
respectively, by way of the skin and lungs; the patients lost only 22 
and 15 Gm. by the same channels. The loss of weight in the 2 patients 
during the period of exposure in the hot room corresponded approxi- 
mately to the amount of insensible loss occurring in normal persons 
under resting conditions,?* i. e., 20 to 40 Gm. per hour. Diuresis 
developed in both patients, but not in the control subjects. A half-hour 
after leaving the hot room the patients still felt “shaky,” at which time 
their oral temperatures had fallen to 99.4 (J. B.) and 100.2 F. (P. B.). 


COMMENT 


The body temperatures of subjects J. B. and P. B. were increased 
approximatelyl 2 degrees C. (3.6 degrees F.) in the hot room. Their 
respective weights were 50.1 and 51.0 Kg. If the average value of 
0.83 ** is assumed to be the specific heat of their bodies, then the total 
heat gained may be roughly estimated as from 80 to &5 calories during 
a thirty minute period of exposure (i. e., a rate approximately 4,000 
calories per day). This balance would presumably comprise the heat 
derived from body metabolism and the radiant energy received from 
the hot room, minus the loss of heat by evaporation through the skin 
and lungs. When one allows for an increased basal metabolic rate of 
20 per cent, as observed in patient P. B., as well as a further increase 
as a result of the hyperthermia, it is readily demonstrated that under 
the conditions of this experiment the probable caloric loss was con- 
siderably less than the probable caloric production. 

The reason for the diuretic response in the patients remains spec- 
ulative. The suggestion is offered that the diuresis might be related 
to the severe hyperpnea that occurred during exposure to the high 
environmental temperature. Hyperpnea of the degree witnessed in 
these patients might be expected to produce alkalosis. Bazett ** and 
others have shown that alkalosis induced by hyperpnea is usually asso- 
ciated with diuresis. An obvious alternative hypothesis might also be 
offered, namely, that elevated temperatures may lead to the liberation ot 
water from tissues to supply the sweat glands but in the absence of 
sweat glands this water escapes by way of the kidneys. 

An item in the record of the 2 older patients may deserve emphasis. 
During their school years medical attention was focused principally on 


22. Benedict, F. G., and Root, H. F.: Insensible Perspiration: Its Relation 
to Human Physiology and Pathology, Arch. Int. Med. 38:1 (July) 1926. 

23. Burton, A. C.: Human Calorimetry: II. The Average Temperature of 
the Tissues of the Body, J. Nutrition 9:261, 1935. 

24. Bazett, H. C.: Studies on Effects of Baths on Man: I. Relationship 
3etween the Effects Produced and the Temperature of the Bath, Am. J. Physiol 


70:424, 1924. 
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their unexplained fever. It had apparently not occurred to any one to 
try to correlate the fever with increase in environmental temperature 
and the inability to sweat. A survey of the literature suggests ** that 
ectodermal defects may not always be as extensive as those observed in 
these patients. Diminution in the number of teeth is not infrequently 
observed. Although, so far as I am aware, partial development of 
or dimunition in the number of sweat glands has not been described, 
nevertheless it is well known that persons may vary considerably in 
their ability to sweat, and it is recognized that sweating may even be 
unilateral. Moreover, such factors as drugs, faradic stimulation and 
emotional reactions may all influence the sweating response. Since 
the eccrine glandular system normally provides a channel for loss of 
heat during periods of excessive heat production, it is suggested that in 
certain persons suffering with unexplained fever, the sweating response 
might profitably be investigated. 


SUMMARY 


Studies are reported in 3 cases of hereditary ectodermal dysplasia 
of the anhidrotic type occurring in the same family. 

The effects produced by exposure to a high environmental temper- 
ature for thirty minutes were studied in 2 of the patients and were com- 
pared with those produced in 2 control subjects. In the patients devoid 
of sweat glands the loss of weight through the skin and lungs cor- 
responded approximately to the amount of insensible loss normally 
occurring in resting persons at normal temperatures; in the 2 control 
subjects the loss of weight amounted to about sixteen times as much 
during the same period of exposure. In the 2 patients hyperpnea and 
diuresis ensued ; in the control subjects they did not. 

These studies emphasize the importance of the sweat glands in pro- 
viding a mechanism for the dissipation of heat when the demands of 
the body require greater elimination of heat than is needed in the normal 
resting state. 

Serum analyses on 2 of the 3 patients indicated slightly decreased 
concentrations of magnesium and of cholesterol. 


25. Weber, F. P.: A Note on Combined Congenital Ectodermal Defects, Brit. 
J. Child. Dis. 26:270, 1929. de Silva.® 


CLINICAL USE OF SULFAMETHYLTHIAZOLE 


W. H. KAMMERER, M.D. 


MENNASCH KALKSTEIN, M.D. 
AND 
SAUL SOLOMON, M.D. 
NEW YORK 


Since the introduction of chemotherapeutic agents effective in the 
treatment of streptococcic and pneumococcic infections, efforts have been 
made to improve on these agents and to develop a compound equally 
effective against infections caused by staphylococci. Sulfathiazole 
(2-sulfanilamidothiazole) and sulfamethylthiazole (2-sulfanilamido-4- 
methylthiazole) have shown promise in this direction. 

Sulfamethylthiazole is a white amorphous powder which is less 
soluble than sulfanilamide, sulfapyridine or sulfathiazole. Sulfamethyl- 
thiazole (together with sulfathiazole) was first synthesized in August 
1939 by Fosbinder and Walter, who also reported its effectiveness 
against streptococci and pneumococci. Lawrence? found sulfathiazole 
and sulfamethylthiazole to be superior to sulfanilamide in their bacteri- 
ostatic effect against Lancefield group A Streptococcus haemolyticus and 
against the colon-typhoid-dysentery group. Barlow and Homburger * 
reported that in experimentally produced infections with Str. haemoly- 
ticus and Pneumococcus types I, II and III the effect of thiazole 
derivatives of sulfanilamide was definitely superior to that of the parent 
substance and compared favorably with that of sulfapyridine. However, 


Aided by a grant from the Josiah Macy Jr. Foundation. 

Sulfamethylthiazole has not been licensed for sale in the United States. 

From the Second (Cornell) Medical Division and the Fourth Medical Division, 
Bellevue Hospital; the New York Hospital, and the Department of Medicine, 
Cornell University Medical College. 

1. Fosbinder, R. F., and Walter, L. A.: Sulfanilamido Derivatives of Hetero- 
cyclic Amines, J. Am. Chem. Soc. 61:2032, 1939. 

2. Lawrence, C. A.: Bacteriologic Actions of Three Thiazol Derivatives of 
Sulfanilamide upon Bacteria in Broth Cultures, Proc. Soc. Exper. Biol. & Med. 
43:92, 1940; Bacteriostatic Effects of Sulfanilamide, Sulfapyridine and the Thiazol 
Derivatives, in Colon-Typhoid-Dysentery Group, ibid. 44:162, 1940. 

3. Barlow, O. W., and Homburger, E.: Thiazol Derivatives of Sulfanilamide 
and Effect on Beta-Hemolytic Streptococcus and Pneumococcus Infections in Mice, 
Proc. Soc. Exper. Biol. & Med. 43:317, 1940; Specific Chemotherapy of Experi- 
mental Staphylococcus Infections with Thiazol Derivatives of Sulfanilamide, ibid. 
42:792, 1939. 
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unlike sulfanilamide and sulfapyridine, the thiazole derivatives were 
found to exert a marked effect against staphylococci both in vitro and 
in vivo. 

Weilbaecher and his co-workers * reported 4 cases of typhoid fever 
in which the patients were successfully treated with sulfamethylthiazole. 
Carroll and his associates * reported 5 cases of staphylococcic infection, 
in 2 of which cultures of the blood were positive for the organisms. In 
all cases the patients responded well to treatment with sulfamethyl- 
thiazole, with no toxic effects. Grulee and Mason ® reported the use 
of sulfamethylthiazole in the cases of 3 children with staphylococcic 
furunculosis of the scalp. There was improvement in all, but 2 of the 
children showed evidence of toxic effects, namely, vomiting, toxic rash 
and neutropenia, which disappeared when the drug was withdrawn. 

Herrell and Brown‘ reported the successful use of sulfamethylthiazole 
in a case of severe septicemia caused by Staphylococcus aureus and in 
1 of lobar pneumonia due to a mixed infection. 


CLINICAL MATERIAL 


Since January 1940 we have had an opportunity to use sulfamethyl- 
thiazole * clinically in 53 cases, in 22 of which the patients were suffering 
from pneumonia. The remaining 31 cases were a heterogenous group, 
but the largest number (19) were cases of staphylococcic infection. 
For convenience in analyzing the therapeutic effect of sulfamethylthiazole 
we have divided our clinical material into three main groups, namely, the 
pneumonias, the staphylococcic septicemias and staphylococcic and other 
infections. In the entire series of cases we have made observations to 
determine the absorption, the therapeutic effect and the toxicity of 
the drug. 

ABSORPTION STUDIES 


Figure 1 shows the composite curves representing the concentration 
of sulfamethylthiazole in the blood of 4 patients who each received a 
single oral dose of sulfamethylthiazole. Two of the patients received 


4. Weilbaecher, J. O., Jr.; Moss, E. S.; Taylor, H. M., and Dupuy, H.: 
Treatment of Typhoid Fever with Thiazole Derivatives of Sulfanilamide: Pre- 
liminary Report of Four Cases, South. M. J. 33:645, 1940. 

5. Carroll, G., and others: Sulfamethylthiazole: Report of Its Clinical Use 
in Staphylococcus Septicemia with Apparent Success, South. M. J. 33:83, 1940. 

6. Grulee, C. G., and Mason, J. T.: New Treatment of Furunculosis (Sulfa- 
methylthiazol), J. Pediat. 15:549 (May) 1940. 

7. Herrell, W. E., and Brown, A. E.: The Clinical Use of Sulfamethylthiazole 
in Infections Caused by Staphylococcus Aureus: Preliminary Report, Proc. Staff 
Meet., Mayo Clin. 14:753, 1939. 

8. The drug was supplied by the Lederle Laboratories, Inc., and the Winthrop 
Chemical Co., Inc. 
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2 Gm; the other 2 received 3 Gm. The maximum rise occurred in four 
hours, and at the end of twenty-four hours only traces could be detected 


in the blood. 
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Fig. 1—Concentration of sulfamethylthiazole in the blood of 4 patients after 
a single oral dose of the drug. Two patients received 2 Gm., and the other 2 
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Fig. 2——Concentration of sulfamethylthiazole in the blood of 17 patients who 
received an initial dose of 2 Gm. of the drug followed by 1 Gm. every four hours. 





Figure 2 is a composite curve representing the concentration of 
sulfamethylthiazole at different intervals in the blood of 17 patients who 


received an initial dose of 2 Gm. of the drug followed by a dose of 1 Gm 
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every four hours. It can be seen that the maximum rise occurred by the 
end of forty-eight hours, after which the level was fairly constant, ranging 
between 3 and 4 mg. of sulfamethylthiazole per hundred cubic centimeters 
of blood. The drug is present in the blood largely in the free form. 

In this study most of the patients received 2 Gm. of the drug as the 
initial dose followed by 1 Gm. every four hours, with resultant blood 
levels of 3 to 4 mg. per hundred cubic centimeters, as shown in figure 1. 
Approximately one fourth of the patients received 3 Gm. as the initial 
dose followed by 1.5 or 2 Gm. every four hours as a maintenance dose. 
In the latter patients the blood levels were higher, ranging between 
4.5 and 10.5 mg. per hundred cubic centimeters. There did not appear 
to be any difference between sodium sulfamethylthiazole and sulfamethyl- 
thiazole with respect to the maximum concentration attained in the blood. 


THERAPEUTIC VALUE OF SULFAMETHYLTHIAZOLE IN TREATMENT 
OF PNEUMONIA 


During the period from Feb. 13 to April 1, 1940 all patients (22 in 
number) suffering from pneumonia who were admitted to one of the 
medical wards at Bellevue Hospital were given sulfamethylthiazole in 
addition to routine care. The first group, therefore, comprised unselected 
cases of pneumococcic pneumonia regardless of whether the infection 
was primary or secondary to some other condition. Thus, in 5 of the 
cases the primary condition was cardiac disease with congestive failure 
which preceded the onset of the pneumonia. Seventeen of the patients 
were over 50 years of age. 

Dose.—The first patients treated received 2 Gm. of sulfamethyl- 
thiazole as the initial dose followed by 1 Gm. every four hours. This 
dose was later changed to an initial dose of 3 Gm. followed by 1.5 Gm. 
every four hours, administration of the drug being maintained until there 
was a fall in the temperature and the pulse rate accompanied by general 
clinical improvement. The total dose of the drug varied from 9 to 
120 Gm. ; the average amount of the drug used per patient was approxi- 
mately 50 Gm. , This exceeds the average dose of sulfapyridine employed 
in this service. 

Alternate patients, according to the type of pneumococcus present, 
were scheduled, as part of a larger study of pneumonia therapy (to be 
published later), to receive specific rabbit serum in addition to the drug. 
Actually, however, only 3 received serum, since the temperature of the 
others fell during chemotherapy before the sputum typing was reported. 
Two of the patients who received serum had type II pneumococcic pneu- 
monia without bacteremia and recovered. The third had type III pneu- 
mococcic pneumonia associated with bacteremia and died sixteen hours 
after admission. 
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Results —In 12 of the 19 patients who had pneumonia and recovered 
there was a crisis within twenty-four to forty-eight hours after the treat- 
ment was started. In the remainder the fall in temperature was gradual. 
As in the patients treated with sulfapyridine, there did not appear to be 
any effect on the progress of the pulmonary lesion, which ran its natural 
course as observed clinically and in serial roentgenograms. With the 
exception of delayed resolution in 3 cases and sterile pleural effusion, 
probably secondary to cardiac decompensation, in 2, there were no 
complications. 

There were 5 cases of type II pneumococcic pneumonia. In these 
cases, in 2 of which there was associated bacteremia, there were 
no deaths. There were 5 cases of type III pneumococcic pneumonia, 
in 3 of which there was associated bacteremia; in these 5 there were 
2 deaths. There was 1 case each of types V, VII and XVIII and 2 cases 


TABLE 1.—Pneumonias 








Distribution of Cases According to Type and Mortality Rate 


Type No.of Cases Deaths 

II 5 (2*) 0 

ll 5 (3*) 2 (2°) 
¥ 1 0 
Vit 1 0 
VIII 2 (1*) 0 
XVIII 1 0 
Mixed 7 1") 1 








* Pneumonia accompanied by bacteremia. 


of type VIII pneumococcic pneumonia. There were 7 cases of mixed 
infection. 

In 5 of the 7 cases in which bacteremia occurred the patients 
recovered. One of the 2 deaths occurred within sixteen hours after 
the treatment was started. The patient was a 77 year old Chinese man 
with type III pneumococcic pneumonia who received both sulfamethyl- 
thiazole and rabbit serum. The results of cutaneous and ophthalmic 
tests with rabbit serum were negative, and there was no reaction after 
1 ce. of serum was injected intravenously, but one hour after he had 
been given 40 cc. of the same serum, a shock reaction developed, accom- 
panied by “wheezing” dyspnea, vascular collapse and death. 

The other fatal case of bacteremia was that of a 71 year old man 
whose type III pneumococcic pneumonia accompanied by bacteremia 
subsided after treatment with sulfamethylthiazole. However, there was 
associated hypertrophy of the prostate gland accompanied by urinary 
retention and azotemia, and it was assumed that this factor contributed 
to the fatal outcome. 
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The third death was that of a 73 year old patient without bacteremia, 
who had chronic cardiac disease. He had calcareous aortitis and coronary 
thrombosis, as shown at autopsy. Congestive pneumonia due to the type 
XXIV pneumococcus developed and was treated with both serum and 
sulfamethylthiazole, with a fatal outcome. 


THERAPEUTIC VALUE OF SULFAMETHYLTHIAZOLE IN TREAT- 
MENT OF STAPHYLOCOCCIC SEPTICEMIA 


There were 5 cases of staphylococcic septicemia selected according 
to Kolmer’s definition of this condition, “an infection of the blood 
by staphylococci, their pathogenic presence and products in the blood 
associated with infection of fixed tissues resulting in severe constitutional 
disturbance with the signs of sepsis.” The average mortality heretofore 
in this infection has been approximately 80 per cent. Kolmer * collected 
19 cases reported in the literature in which treatment was with sulfanil- 
amide, sulfapyridine or sulfanilyldimethylsulfanilamide (uleron) and 
in which there were 10 recoveries—a mortality rate of approximately 
50 per cent. Baker and Shands *° recently reported the results of treat- 
ment in 103 cases of staphylococcemia; the mortality rate was 38 per 
cent in the group of patients who received staphylococcus antitoxin and 
76 per cent in the group which did not. In the 5 cases in our series there 
was only 1 death. In 4 instances septicemia followed trauma to an 
extremity, while in the fifth it was preceded by a furuncle. The sum- 
maries of the case histories follow. 


Case 1—An 11 year old white boy was admitted to Bellevue Hospital with a 
history of pain in the left shoulder for eight days, following injury. On the day 
of his admission pain developed in the left ankle. He appeared acutely ill, and 
during the first week of hospitalization his temperature ranged between 103 and 
105 F. On the day after admission a subpectoral abscess and an area of osteo- 
myelitis in the lower end of the fibula were incised and drained. Cultures of the 
pus from both foci showed Staphylococcus aureus haemolyticus. Three days later 
another focus developed in the upper end of the right femur, which necessitated 
drainage. 

Treatment with sulfamethylthiazole was started on the day of admission. Cul- 
tures of his blood made on the day of admission and also on the day following were 
positive for Staph. aureus haemolyticus. Subsequent blood cultures were negative 
for the organism. A daily dose of 4 Gm., and later of 6 Gm., was given for a 
total of 103 Gm. It was discontinued on the appearance of gross hematuria, which 
then cleared in two days. His temperature gradually fell to between 99 and 
100 F. at the end of the third week. He remains hospitalized, two hundred and 
fifty-two days after admission, with the left leg in a hip spica. Improvement 
has been slow but constant, and no new areas of osteomyelitis have developed. 


9. Kolmer, J. A.: Progress in Chemotherapy of Bacterial and Other Dis- 
eases with Special Reference to the Prontosils, Sulfanilamide and Sulfapyridine, 
Arch. Int. Med. 65:671 (April) 1940. 

10. Baker, L. D., and Shands, A. R., Jr.: Acute Osteomyelitis with Staphylo- 
coccemia, J. A. M. A. 113:2119 (Dec. 9) 1939. 
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Case 2.—A 14 year old white boy was admitted to the New York Hospital. b ee 
Three days before admission he had been wrestling, and the following day pain ; 4 
developed in the left knee accompanied by chills and fever. On admission he was . F 
acutely ill, with a temperature ranging up to 105 F. for the first two days. 
Roentgen examination showed osteomyelitis of the femur. Culture of the blood 
showed 5 colonies of Staph. aureus nonhaemolyticus per cubic centimeter 
of blood. The following day the culture was positive on agar plates, with 
1 and 4 colonies each. Five days later it was positive in the broth cultures only. if 
Subsequent cultures were negative for the organism. Sulfathiazole was adminis- # 
tered the first two days after admission, the total amount being 16 Gm. Since 
at the end of this time the septicemia persisted, treatment with sulfamethylthiazole ul 
was started. Two grams was given every four hours for a total of 110 Gm. +t 
An incision and drainage of the area of osteomyelitis of the femur were done 
three days after admission. At the end of eight days the temperature had fallen 
to normal. The boy was discharged from the hospital seven weeks after admission. 
The sinus tract in the hip had practically closed, and repeated roentgen examina- 
tions showed no further evidence of destruction of the bone. No toxic effect 
from the drug was noted. 
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Case 3.—A 42 year old man was admitted to the New York Hospital. Four 
weeks before admission a boil developed on the neck and was opened after one 
week. Shortly after this pain developed in the sacroiliac region, and one week 
before admission he had chills and fever. For the first nine days he was extremely 
ill, with a hectic temperature ranging between 103 and 105 F. Culture of his blood 
on admission was positive for Staph. aureus haemolyticus, showing 5 colonies per 
cubic centimeter of blood. Four days after admission it was negative, but eight 
days later it was again positive, in the broth only. Subsequent cultures were 
negative. Treatment with sulfamethylthiazole was started two days after admis- 
sion, 1 Gm. being given every four hours. The use of the drug was discontinued 
after eight days, on the appearance of a maculopapular eruption, then resumed 
six days later and continued for a total dose of 86 Gm. There was no further 
recurrence of the rash. Twenty-six days after admission an incision and drainage 
of the soft tissues in the region of the twelfth thoracic vertebra yielded pus, 
which on culture showed Staph. aureus haemolyticus. The patient was discharged 
from the hospital on July 18, walking on crutches. 








Case 4.—A 47 year old man was admitted to the New York Hospital. Three 
and one-half months before this admission he had had a thoracotomy for acute 
empyema due to Str. haemolyticus. He was followed in the clinic for dressing 
of the sinus tract and had made marked improvement. After one visit to the 
clinic he walked seventy blocks, and the next day severe pain developed in the left 
thigh. He was readmitted to the hospital, and one week later roentgen examina- 
tion of the hip showed an acute form of destructive arthritis. Eight days after 
admission aspiration in the region of the left hip was done and a small amount 
of pus was obtained which on culture showed Staph. aureus haemolyticus. Like- 
wise, culture of the material draining from the old empyemic sinus tract yielded 
the same organism. The following day his temperature, which previously had 
been but little elevated, rose to 38.5 C. (101.8 F.) and culture of his blood was 
positive for Staph. aureus haemolyticus. The following day the blood culture 
was negative and remained so. Treatment with sulfamethylthiazole was started 
immediately with doses of 1 Gm. every four hours and was continued for a total 
of 130 Gm. Incision and drainage of the left hip were done on the thirteenth 
day of his stay in the hospital. Convalescence was slow and was complicated 
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by an abscess of the wall of the chest. He was discharged on the one hundred 
and fifty-seventh day of hospitalization, with the leg in fairly good condition; 
there were slight motion, a shortening of 4% inch (1.8 cm.) and practically no pain. 

Case 5,—An 11 year old boy was admitted to the New York Hospital. Four 
days before admission he began to note pain in the region of a blister on his 
left heel. He soon became acutely ill with fever, chills and delirium. His 
temperature on admission was 40.3 C. (104.6 F.), and it ranged between 39 and 
41 C. (102.2 and 105.8 F.) during the entire period of his hospitalization. Culture 
of pus from the infected blister showed Staph. aureus haemolyticus, and culture of 
his blood was positive for the same organism, with 75 colonies per cubic centi- 
meter of blood. Treatment with sulfamethylthiazole was started on admission 
with a dose of 2 Gm. every four hours. The colonies in blood cultures were 
reduced to 2 per cubic centimeter four days after admission, but increased over 
the next six days to become innumerable. Sulfamethylthiazole was discontinued 
on the twelfth day of his stay in the hospital, after 98 Gm. had been given. 
Roentgen examination of the left hip ten days after admission showed osteomyelitis, 
and aspiration in this region yielded pus, cultures of which also showed Staph. 
aureus haemolyticus. A systolic murmur heard at the time of admission became 
progressively more pronounced, and petechiae appeared on the fourteenth day of 
his stay in the hospital. His course was progressively downhill, and he died 
twenty-one days after admission. Autopsy showed vegetative endocarditis of the 
mitral valve, acute osteomyelitis of the ilium and the sacrum, infected infarcts in 
the kidneys and the spleen and bronchopneumonia of all lobes accompanied by the 
formation of abscesses. 


THERAPEUTIC VALUE OF SULFAMETHYLTHIAZOLE IN _ TREAT- 
MENT OF MISCELLANEOUS INFECTIONS 


Pertinent data in the cases of patients with staphylococcic infections 
or miscellaneous infections, all of whom were treated with sulfamethyl- 
thiazole, are summarized in table 2. 

In view of the small number of cases and the variety of lesions treated, 
it is impossible to draw any definite conclusions. However, our results 
were as follows: 

Chemotherapy appeared effective in treating a patient with a furuncle 
of the upper lip and also in treating a patient with a carbuncle of the 
abdominal wall and septic pulmonary infarcts. Similarly, the 3 patients 
with cellulitis did well; especially significant was the response of the 
patient with cellulitis of the orbit. Of the 5 patients suffering from 
osteomyelitis (without bacteremia), there was a good response only in 
the 1 with the acute form who was treated. 

In the 3 patients with pulmonary tuberculosis there was no effect, 
either favorable or unfavorable, on the disease, as has been the general 
experience with other drugs. 

Of the 5 patients with bacterial endocarditis, 1 had an acute condition 
and died soon. Another had endocarditis due to M. albicans with a 
slowly progressive course which failed to respond to varied chemothera- 


KAMMERER ET AL.—SULFAMETHYLTHIAZOLE 863 


peutic agents, including sulfamethylthiazole. 


me 


The other 3 patients with 


endocarditis had a temporary remission under the influence of the drugs, 
this effect being similar to that noted with sulfapyridine. 


TasLe 2.—Miscellaneous Infections 








Diagnosis 


Exacerbation of chronic 
osteomyelitis 


Acute osteomyelitis of os 
caleis after compound frac- 
ture of tibia 

Carbuncle on abdominal 
wall with septic pulmonary 
infarets 


Furunele of upper lip with 
cellulitis of face 


Cellulitis of extremity 


Abseess of the breast 
(Staphylococcus) 
Chronie cystitis 
(Staph. aureus) 


Cellulitis of orbit 
(Staphylococcus) 


Infected thoracie sinus 
tract (Staph. aureus) 


Postoperative aspiration 
pneumonia (Staph. 

aureus) ' 

Bronchiectasis associated with 
lobular pneumonia 


Pulmonary tuberculosis 


Subacute bacterial endocar- 
ditis (Streptococcus 
viridans) 

Acute bacterial endocar- 
ditis (Streptococcus alpha 
prime and Micrococcus 
tetragenus) 

Endocarditis (Monilia 
albicans) 


Actinomycosis of jaw 


Cases 


Amount 
No. of of Drug, 


Gm. 
30 
to 136 


166 


16 


16 
and 32 


16 


16 
and 26 
22, 26 
and 28 


22, 26 
and 132 


16 


Response 
Variable 
response 
Recovery 


Recovery 


Recovery 


Recovery 


Recovery 


Improvement 


Recovery 


Improvement 


Recovery 


Improvement 


No change 


No change 


Death 


Death 


Recovery 


Comment 


No effect from sulfamethy)- 
thiazole in 2 cases; questionable 
beneficial effect in 2 cases 


Sulfamethylthiazole probably 
of benefit 


Three episodes of pulmonary 
infarction after surgical drain- 
age of carbuncle; g¢ response 
to therapy 
Rapidly extending lesion; 
striking response to sulf- 
amethylthiazole 
Influence of drug on course 

it to assay 
Recovery not related to chemo- 
therapy 
Relief of symptoms; disappear- 
ance of Staph. aureus; persis 
tence of saprophytic staphylo- 
eoccus 


Recovery credited to sulf- 
——a by ophthal. 


Failure of conservative pro- 
cedures before administration 
of drug begun 

Numerous abscesses in both 
lungs, which later cleared; role 
of sulfamethylthiazole doubtful 
Subsidence of lobular pneu- 
monia; improvement of 
bronchiectasis in 1 patient 
Institution of chemotherapy 
before correct diagnosis 
apparent 

Temporary remission during 
administration of drug 


Initial reduction in colony 
count, with subsequent rise 


No effect of sulfamethylthia- 
zole on the course 

Complete healing of multiple 
sinus tracts 





TOXIC REACTIONS 

There were relatively few toxic reactions in this group of 53 patients, 
although the average amount of sulfamethylthiazole administered per 
patient was 52 Gm. and 9 patients received over 100 Gm. Gross hema- 
turia developed in 1 of the patients after 103 Gm. of sulfamethylthiazole 
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was given. However, the urine returned to normal after the use of the 
drug was discontinued. This patient at a later date received sulfathia- 
zole, and after 28 Gm. was given hematuria developed again. On both 
occasions the hematuria appeared shortly after the use of cyclopropane 
anesthesia, and it was considered possible that the anesthetic contributed 
to this complication. 

It is interesting to note that 1 patient in whom hematuria and anuria 
developed after the taking of 6 Gm. of sulfapyridine subsequently took 
156 Gm. of sulfamethylthiazole without any noticeable effect on the 
kidneys. 

In 2 patients there was a mild depression of the total white cell count 
to 4,200 and 4,700 after doses of 166 and 26 Gm. respectively of the 
drug. The decrease was more marked in the granular series. There was 
a prompt rise of the white cell count to normal in both instances after 
use of the drug was discontinued. 

Peripheral neuropathy was encountered in 1 patient. This was in a 
man who had type II pneumococcic pneumonia associated with severe 
bacteremia (over 2,000 colonies per cubic centimeter of blood) and who 
received 80 Gm. of the drug, with satisfactory clinical response. Pares- 
thesias of the extremities, weakness of the limbs and ataxia developed, 
and he was treated with massive doses of thiamine hydrochloride and 
the vitamin B complex. There has been definite recession of the neurop- 
athy (whether the recession is due to the treatment is not known), 
though it is too soon to tell whether there will be any permanent impair- 
ment of the peripheral nerves. 

In 2 of the patients a morbilliform rash appeared in the course of 
treatment. This was not associated with other signs of a toxic reaction. 
In 1 of the patients the use of the drug was maintained with no harmful 
effects, and the rash disappeared spontaneously. In the other the use 
of the drug was discontinued temporarily but was resumed five days later, 
after the rash had faded. There was no reappearance of the eruption. 

Nausea and vomiting occurred in 7 patients (13 per cent). The 
incidence of this reaction was thus uncommon, in contrast to its occur- 
rence in approximately 50 per cent of the patients treated with sulfa- 
pyridine. 

COMMENT 

The final clinical evaluation of a new remedy must wait on the 
accumulated observations in a large number of cases. Our experience 
with sulfamethylthiazole has been limited to 53 cases. The results in the 
treatment of pneumonia compare favorably with those obtained with 
sulfapyridine, particularly if consideration is given to the fact that a 
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majority of our patients with pneumonia were oyer 50 years of age and 
nearly half of them were suffering from some associated disease which 
gravely affected the prognosis. The results in the 5 cases of type II 
pneumococcic pneumonia were especially striking, there being no deaths, 
though 2 of the patients had bacteremia. 

The results in the cases of staphylococcic septicemia, even in this small 
number were encouraging in view of the usual high mortality with other 
methods of treatment. There was only 1 death in 5 cases. In cases of 
other staphylococcic infections, we believe the drug is beneficial partic- 
ularly when the infection is acute. In treatment of chronic infections its 
value is less apparent. We treated 1 patient who had actinomycosis, and 
the result was so satisfactory that further trial of sulfamethylthiazole in 
this disease is warranted. 

The drug has certain advantages and disadvantages as compared with 
other chemotherapeutic agents. It is better tolerated than sulfapyridine, 
the incidence of nausea and vomiting being low. Toxic rashes due to the 
drug are not common, nar have we encountered any serious effects on 
the red or white blood cell-forming organs. In rare instances, partic- 
ularly those in which large amounts of the drug are used, a toxic periph- 
eral neuropathy may occur. In a large number of cases reported to a 
manufacturer of the drug ** the incidence of peripheral neuropathy has 
been less than 1 per cent. This side effect has in many instances been 
mild and has cleared up promptly. In some of these cases the neu- 
ropathy appeared as a delayed reaction some time after treatment had 
been terminated. In a few cases it was so severe and improvement was so 
slow that the manufacturers decided voluntarily to withdraw suffamethyl- 
thiazole from clinical research. (The drug has never been made available 
commercially but was supplied only to selected physicians for clinical 
evaluation.) However, we have been so impressed with the effectiveness 
of sulfamethylthiazole, particularly in the treatment of staphylococcic 
septicemias, that we feel it is unfortunate that the possibility of periph- 
eral neuropathy resulting from its use has necessitated its withdrawal. 
Nevertheless, if in the future no other drug can be shown to have the same 
effectiveness as sulfamethylthiazole in the treatment of staphylococcic 
septicemia, reconsideration of this decision might be warranted. 

In the clinical trial of new derivatives of the sulfanilamide group, we 
would reemphasize the necessity for careful watch for the early symptoms 
of toxic effects on the peripheral nerves. The appearance of such symp- 
toms is an indication for immediate cessation of this therapy and the 
institution of antineuritic measures. 


11. The Winthrop Chemical Co., Inc. 
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SUMMARY 


Sulfamethylthiazole has been employed as a therapeutic agent in 53 
cases of various types of infections. These included mainly cases of 
pneumonia and of staphylococcic infection. The results were favorable 
in the majority of cases. The most striking effect was observed in cases 
of pneumonia and of staphylococcic septicemia. 

The toxic manifestations of sulfamethylthiazole are similar to those 
of other derivatives of sulfanilamide with one exception. Peripheral 
neuropathy, which was not noted with sulfapyridine and sulfathiazole, 
occurs in about 1 per cent of cases and, though infrequent, militates 
against the use of this drug. 








Progress in Internal Medicine 


LIVER AND BILIARY TRACT 


A REVIEW FOR 1940 


CARL H. GREENE, M.D. 
NEW YORK 


As in previous reviews, no attempt has been made to give either an 
inclusive or a comprehensive survey of the literature dealing with dis- 
eases of the liver and the biliary tract during 1940. Instead I have 
selected topics that have been the subject of special advances or particu- 
lar study during the year. In many cases detailed reviews have been 
published elsewhere, and I have referred to them instead of attempting 
to give a comprehensive bibliography in this article. 


PORTAL HYPERTENSION AND CONGESTIVE SPLENOMEGALY— 
BANTI’S DISEASE 


The literature dealing with the syndrome of portal hypertension and 
its role in the production of congestive splenomegaly and the so-called 
Banti syndrome has been reviewed by Greene, Plotz and Localio.* The 
importance of portal hypertension in producing congestive splenomegaly 
has been emphasized further by Whipple * and Rousselot.* Thompson * 
has recently summarized the experience of investigators at Presbyterian 
Hospital in New York and reported the results of a study of 137 cases 
occurring during the last ten years. One hundred of the patients have 
been followed over a period of years. The cases selected were those in 
which splenomegaly with anemia, leukopenia and thrombocytopenia were 
present, together with evidence of the development of an increased col- 
lateral circulation between the portal and the peripheral venous circu- 
lation. The histologic changes were characteristic. 





From the Clinic for the Study of Diseases of the Liver and Biliary Tract of the 
Department of Medicine and the Department of Surgery, New York Post-Graduate 
Medical School and Hospital, Columbia University. 

1. Greene, C. H.; Plotz, M., and Localio, S. A.: Liver and Biliary Tract: 
A Review for 1937, Arch. Int. Med. 61:655 (April) 1938. 

2. Whipple, A. O.: The Medical-Surgical Splenopathies, Bull. New York 
Acad. Med. 15:174 (March) 1939. 

3. Rousselot, L. M.: Congestive Splenomegaly (Banti’s Syndrome), Bull. 
New York Acad. Med. 15:188 (March) 1939. 

4. Thompson, W. P.: The Pathogenesis of Banti’s Disease, Ann. Int. Med. 
14:255 (Aug.) 1940. 
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Thompson * reports that in this group of cases the splenomegaly, the 
collateral circulation and the esophageal varices result from portal hyper- 
tension in the presence of a normal peripheral venous pressure. This 
portal hypertension is the common denominator in all cases of the Banti 
syndrome. A simple mechanical cause for the portal hypertension was 
found in every case that was adequately studied. Thompson and his 
associates observed that the hepatic scarring seen in cases of prolonged 
schistosomiasis resulted in the greatest increase in portal pressure and 
the largest spleens. Periportal cirrhosis of the Laennec type resulted in a 
variable degree of splenomegaly. Pathologic studies showed that in about 
60 per cent of the cases of periportal cirrhosis there was considerable 
distortion of the vascular bed within the liver, with only minimal evidence 
of parenchymal injury. In the majority of these cases the patients died 
from hemorrhage due to rupture of esophageal varices. In the remaining 
40 per cent of the cases of periportal cirrhosis, there was less distortion 
of the vascular bed within the liver but there was evidence of injury to 
the parenchyma. The patients in these cases died in coma from hepatic 
failure. Obstructive biliary fibrosis and cardiac fibrosis of the liver 
usually did not produce splenomegaly. Hepatic cirrhosis was found in 
68 per cent of the cases. When not present at the time of splenectomy it 
did not develop subsequently. 

In the remaining cases the congestive splenomegaly was due to a 
variety of causes, especially to thrombosis of the portal or splenic vein 
and to the so-called cavernous transformation of the portal vein. In 4 
children the portal hypertension was found to be due to a stenosis of 
the portal vein. The histopathologic changes in the spleen were the 
same in all cases irrespective of the lesions producing the portal obstruc- 
tion. Thompson therefore suggests that the terms Banti’s disease and 
splenic anemia be replaced by congestive splenomegaly. 

A different conception of the Banti syndrome has recently been dis- 
cussed in detail by Ravenna. He admits that in many cases congestive 
splenomegaly is associated with evidence of circulatory obstruction and 
increased pressure in the splenic vein. On the other hand, he points out 
that there are many cases in which the obstructive factor is missing but 
the signs of portal hypertension nevertheless are present. Ravenna 
believes that this apparent contradiction may be explained on the basis of 
an increased flow of blood into the spleen. He concludes, therefore, that 
in these cases the condition is to be considered as due to an active, 
primary splenic congestion and not to a passive congestion, secondary to 
portal obstruction. 


5. Ravenna, P.: Banti Syndrome (Fibrocongestive Splenomegaly): Defini- 
tion, Classification and Pathogenesis, Arch. Int. Med. 66:879 (Oct.) 1940. 
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Ravenna reviews the literature in detail and in support of his views 
points out the following facts: 1. The inflow of blood to the splenic pulp 
is regulated chiefly by the malpighian arteries and by the other arteries in 
the pulp and trabeculae. The contraction of these vessels has been shown 
to be capable of obliterating their lumen. 2. The output of splenic blood 
is limited by the peripheral resistance of the liver, which normally is 
small. When the splenic outflow increases above a definite amount, 
however, the portal pressure must rise. 3. Lesions of the malpighian 
and other small arteries, especially periarteriolar hemorrhage and periar- 
teriolar fibrosis, are constantly present, even in the early stages of Banti's 
syndrome. He considers: 


This last point gives enough evidence . . . to warrant the assumption that 
the small splenic arteries are the seat of early lesions. In consequence, their 
function of adjusting the intake of blood is altered, and blood enters the spleen in 
an increased quantity, which cannot be discharged through the hepatic resistance 
under normal conditions. Thus, the spleen becomes congested and widens; the 
elastic tension of the supporting framework increases, raising the pressure of the 
outflowing blood. This condition permits an increased amount of blood to pass 
through the small hepatic vessels. 

The splenohepatic circulation, altered in consequence of the insufficient regu- 
lating function of diseased splenic arterioles, is subject to a compensatory rise of 
venous pressure, which is a direct result of the splenic dilatation. 

Becoming chronic, the splenic engorgement may be directly responsible for 
some lesions of the splenic pulp (fibrosis or hyperplasia), while the venous hyper- 
tension causes dilatation of splenic and portal veins and, eventually, their throm- 
bosis. Further consequences are degenerative changes in the liver cells, which 
may not be extraneous to the genesis of portal cirrhosis. 

Subsequently, either splenic thrombosis or cirrhosis of the liver, or both 
together, aggravate the portal congestion and may dominate the further develop- 
ment of the disease. They are complications or associated morbid conditions and 
not the first cause of the congestion, because—as should always be remembered— 
splenic congestion may be found independent of either. 

Obviously, the favorable effect of splenectomy or of ligation of the splenic 
artery, which often, besides relieving the general and hematologic conditions, 
diminishes the tendency to gastroesophageal hemorrhages and ascites, is due to 
the removal of the primary cause of portal congestion. But some failure, often 
cited in the literature, should have been foreseen, as splenectomy cannot remove 
the eventual thrombosis or the cirrhosis, nor can it always modify the state of 
gastroesophageal varices or of the widespread dilatation of submucous and sub- 
serous small vessels of the esophagus and the stomach, which is frequently seen in 
cases of this kind. 

The human spleen should be considered as an elastic rather than as a con- 
tractile organ. Its variations in size depend on variations in the volume of the 
inflowing blood, rather than on active contractions of the smooth muscle of its 
supporting framework. 

From a mechanical point of view, the spleen might be defined as an auto- 
matic controller which regulates the pressure of the splenic venous blood in 
order to maintain the balance between the volume of inflowing blood and the 
amount which can be discharged through the hepatic resistance. Normally, and 
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within certain limits, in pathologic conditions the splenic elasticity guarantees a 
pressure sufficient to secure the further progress of venous portal blood. Con- 
gestive splenic enlargement is therefore a mechanism to counterbalance either 
increased volume of portal blood or increased peripheral resistance to the dis- 
charge of a normal amount of blood. 

Interesting as is Ravenna’s assumption, the discrepancies between it 
and the “reservoir function” of the spleen described by Barcroft and 
cited in present day textbooks of physiology * must be kept in mind. The 
need for a pressure regulator in the portal system is difficult to explain 
on a teleologic basis, but teleologic reasoning often is faulty. Of the 
cases of Banti’s syndrome I have seen, there were many in which there 
was no apparent correlation between the size of the spleen and the clin- 
ical evidence of portal hypertension. This review by Ravenna is thought 
provoking, and it is to be hoped that it will stimulate further study in 
an obscure field of medicine. : 


VITAMIN K AND BLOOD COAGULATION 


The story of vitamin K in its relation to blood coagulation has now 
been completed in many of its details. There were two main lines of 
development. On the one hand, there were the early recognition of the 
hemorrhagic tendency of patients with obstructive jaundice or biliary fis- 
tulas and the gradual recognition that the likelihood of bleeding increased 
with the length of time and completeness with which bile was excluded 
from the intestine. Transfusion or the administration of bile served to 
diminish the danger of hemorrhage but was not curative. Finally, there 
came the demonstration that the tendency to hemorrhage was due to a 
diminution in the prothrombin content of the blood plasma. 

On the other hand, there was the observation that when chicks were 
placed on a low fat diet a hemorrhagic disease developed. This was 
shown to be a specific avitaminosis, and the antihemorrhagic factor was 
designated as vitamin K (koagulations vitamin). It was further shown 
that the hemorrhagic disease of chicks was due to hypoprothrombinemia 
and that the latter could be cured by the feeding of extracts of alfalfa or 
putrefied fish meal. These extracts were equally effective in treating the 
hypoprothrombinemia of jaundiced patients. 

The purification of vitamin concentrates led shortly to the crystal- 
lization of vitamin K, and the elucidation of its chemical structure as 
2-methy1-3-phytl-1, 4-naphthoquinone. Furthermore, it was established 
that many other quinone compounds possessed physiologic properties 
analogous to those of vitamin K. Of these, the compound 2-methy!-1, 
4-naphthoquinone (now known as menadione) was found to be even 
more active than the natural vitamin K,. This story has been reported 


6. Best, C. H., and Taylor, N. B.: The Physiological Basis of Medical 
Practice, Baltimore, William Wood & Company, 1937. 
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in detail in previous reviews in the ARcHIvEs,’ as well as in recent 
reviews by Snell and Butt,’ Dam,’ Ferguson,’® Brinkhous,"* Almquist ** 
and Andrus.’* The extent of the literature is readily judged from the 
264 articles cited in the review of Brinkhous. 

Extensive clinical studies have amplified the knowledge of hypopro- 
thrombinemia and of deficiency of vitamin K. It is now recognized that 
hypoprothrombinemia which responds to the therapeutic use of prepara- 
tions of vitamin K may occur under the following circumstances : 

1. From the prolonged use of diets (usually low in fat) which are 
deficient in vitamin K. Fortunately, while cases of this type have been 
described in human beings,’* they are rare. 

2. In newborn infants. A number of investigators have found that 
a reduction in the prothrombin content of the plasma was present in 
newborn infants or developed during the first few days of life. Extreme 
hypoprothrombinemia seems to be the rule in cases of hemorrhagic 
diseases of the newborn.’® In such cases the response to either oral or 


7. Greene, C. H., and Hotz, R.: Liver and Biliary Tract: A Review for 
1938, Arch. Int. Med. 63:778 (April) 1939. Greene, C. H., and Farrell, E.: 
Liver and Biliary Tract: A Review for 1939, ibid. 65:847 (April) 1940. 

8. Snell, A. M.: Vitamin K: Its Properties, Distribution and Clinical Impor- 
tance; a Preliminary Report, J. A. M. A. 112:1457 (April 15) 1939. Snell, A. M., 
and Butt, H. R.: Supplementary Report on Vitamin K, ibid. 113:2056 (Dec. 2) 
1939. 

9. Dam, H.: Fat-Soluble Vitamins, in Luck, J. M., and Smith, J. H. C.: 
Annual Review of Biochemistry, Stanford University, Calif., Stanford University 
Press, 1940, vol. 9, p. 353. 

10. Ferguson, J. H.: Blood: Coagulation, Biophysical Characters, and Formed 
Elements, in Luck, J. M., and Hall, V. E.: Annual Review of Physiology, 
Stanford University, Calif., Stanford University Press, 1940, vol. 2, p. 71. 

11. Brinkhous, K. M.: Plasma Prothrombin: Vitamin K, Medicine 19:329 
(Sept.) 1940. 

12. Almquist, H. J.: Vitamin K, Physiol. Rev. 21:194 (Jan.) 1941. 

13. Andrus, W. DeW.: The Newer Knowledge of Vitamin K, Bull. New 
York Acad. Med. 17:116 (Feb.) 1941. 

14. Kark, R., and Lozner, E. L.: Nutritional Deficiency of Vitamin K in 
Man, Lancet 2:1162 (Dec. 2) 1939. ° 

15. Brinkhous, K. M.; Smith, H. P., and Warner, E. D.: Plasma Prothrom- 
bin Level in Normal Infancy and in Hemorrhagic Disease of the Newborn, Am. 
J. M. Sc. 198:475 (April) 1937. Waddell, W. W., Jr., and Guerry, Du P., III: 
Effect of Vitamin K on the Clotting Time of the Prothrombin and the Blood with 
Especial Reference to Unnatural Bleeding of the Newborn, J. A. M. A. 112: 
2259 (June 3) 1939. Quick, A. J., and Grossman, A. M.: The Nature of the 
Hemorrhagic Disease of the Newborn: Delayed Restoration of the Prothrombin 
Level, Am. J. M. Sc. 199:1 (Jan.) 1940. Nygaard, K. K.: Prophylactic and 
Curative Effect of Vitamin K in Hemorrhagic Disease of the Newborn (Hypo- 
prothrombinemia Hemorrhagica Neonatorum), Acta obst. et gynec. Scandinav. 


(Footnote continued on next page) 
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parenteral therapy with vitamin K is good. It is more important that 
the condition can be prevented by the administration of the vitamin to 
the mother prior to delivery.’* 

3. From inadequate absorption from the intestine as a result of 
diarrheal diseases, such as chronic ulcerative colitis, regional enteritis or 
sprue.’* Intestinal fistulas, by short-circuiting part of the bowel, may 
have the same effect. The hypoprothrombinemia in cases of such 
diseases may be so severe as to produce serious hemorrhage (in 6 of 57 
cases reported by Mackie), but it responds well to therapy with vitamin 
K.'* Because of the uncertainty of intestinal absorption, the parenteral 
administration of 2-methyl-1, 4-naphthoquinone would seem to be par- 
ticularly desirable in such cases. 

4. From inadequate absorption from the intestine in the absence of 
bile, due to (a) obstruction to the bile ducts from any cause, (b) the 
exclusion of bile by an external biliary fistula or (c) a deficient secretion 
of bile salts by the liver. Because of the absence of bile salts from the 
intestine and the resultant digestive disturbances, vitamin K is not 
absorbed, so that hypoprothrombinemia and deficiency of vitamin K 
occur most frequently and are most pronounced under these conditions. 
When the prothrombin falls to a critical level, usually about 20 per cent 


19:361, 1939. Owen, C. A.; Hoffman, G. R.; Ziffren, S. E., and Smith, H. P.: 
Blood Coagulation During Infancy, Proc. Soc. Exper. Biol. & Med. 41:181 
(May) 1939. Poncher, H. G., and Kato, K.: Treatment of Hypoprothrombinemia 
Haemorrhagica Neonatorum (Hemorrhagic Disease of the Newborn) with Vita- 
min K, J. A. M. A. 115:14 (July 6) 1940. 

16. Hellman, L. M., and Shettles, L. B.: Factors Influencing Plasma Pro- 
thrombin in the Newborn Infant: I. Prematurity and Vitamin K, Bull. Johns 
Hopkins Hosp. 65:138 (July) 1939. Shettles, L. B.; Delfs, E., and Hellman, 
L. M.: Factors Influencing Plasma Prothrombin in the Newborn Infant: II. 
Antepartum and Neonatal Ingestion of Vitamin K Concentrate, ibid. 65:419 ( Nov.) 
1939. MacPherson, A. I. S.; McCallum, E., and Haultain, W. F. T.: Effect of 
Intra-Partum and Neonatal Administration of Synthetic Vitamin K Analogues on 
the Newborn, Brit. M. J. 1:839 (May 25) 1940. 

17. (a) Butt, H. R.; Snell, A. M., and Osterberg, A. E.: The Use of Vita- 
min K and Bile in Treatment of the Hemorrhagic Diathesis in Cases of Jaundice, 
Proc. Staff Meet., Mayo Clin. 18:74 (Feb. 2) 1938; (b) Further Observations on 
the Use of Vitamin K in the Prevention and Control of the Hemorrhagic Diathesis 
in Cases of Jaundice, ibid. 18:753 (Nov. 30) 1938. (c) Clark, R. L., Jr.; Dixon, 
Cc. F.; Butt, H. R., and Snell, A. M.: Deficiency of Prothrombin Associated 
with Various Intestinal Disorders: Its Treatment with the Antihemorrhagic Vita- 
min (Vitamin K), ibid. 14:407 (June 28) 1939. (d) Mackie, T. T.: Vitamin K 
Deficiency in the Absence of Jaundice, New York State J. Med. 40:897 (July 1) 
1940. (¢) Allen, J. G.: The Comparative Prothrombin Responses to Vitamin K 
and Several of Its Substitutes in a Case of Non-Tropical Sprue, New England J. 
Med. 224:195 (Jan. 30) 1941. (f) Kark, R.; Souter, A. W., and Hayward, J. 
C.: A Haemorrhagic Diathesis in Idiopathic Steatorrhoea: Observations on Its 
Association with Vitamin K Deficiency, Quart. J. Med. 9:247 (Oct.) 1940. 

18. Mackie.174 Allen.17¢ Kark, Souter and Hayward.17f 
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of normal, bleeding occurs. Postoperative bleeding is particularly 
common, for it has been shown that the necessary manipulation of the 
liver may cause a significant postoperative reduction in the prothrombin 
content of the plasma. If the liver is still functionally active, there is 
good response to the therapeutic administration of vitamin K under such 
circumstances. Vitamin K and bile salts may be given orally, or crystal- 
line quinone derivatives, such as 2-methyl-1, 4-naphthoquinone,’* may be 
injected. 

5. Injury to the liver. A normally functioning liver is necessary 
for the maintenance of a normal level of prothrombin in the plasma.*° 
Dramatic as is the effect of vitamin K on blood coagulation in vivo, it 
is without demonstrable effect in vitro."' Present evidence indicates 
that prothrombin arises in the liver and that the liver is the chief, if not 
the only, site of formation of this substance. Injury to the liver by 
chloroform,” by partial extirpation ** or even by operative massage ** 
causes a decrease in the prothrombin in the plasma. Total hepatectomy 
produces rapid and progressive development of hypoprothrombinemia.** 
Most important is the fact that after hepatectomy the administration of 
vitamin K no longer causes an increase in the prothrombin. 

Clinically, it has also been observed that hypoprothrombinemia is 
frequently seen in association with primary hepatic disease, such as 
cirrhosis, atrophy or chronic hepatitis. Patients with such disease, if 
the hepatic injury is sufficiently severe, will not respond even to injection 
of large doses of vitamin K.*° In consequence, several authors have 


19. Stewart, J. D.: Prothrombin Deficiency and Effects of Vitamin K_ in 
Obstructive Jaundice and Biliary Fistula, Ann. Surg. 109:588 (April) 1939. 
Townsend, S. R., and Mills, E. S.: Hemorrhagic Tendency Associated with Pro- 
thrombin Deficiency and Its Treatment with Vitamin K and Bile, Canad. M. A. J. 
42:541 (June) 1940. 

20. Andrus, W. D., and Lord, J. W., Jr.: Clinical Investigations of Some 
Factors Causing Prothrombin Deficiency: Significance of the Liver in Their 
Production and Their Correction, Arch. Surg. 41:596 (Sept.) 1940. 

21. Smith, H. P.; Warner, E. D., and Brinkhous, E. D.: Prothrombin 
Deficiency and the Bleeding Tenedency in Liver Injury (Chloroform Intoxica- 
tion), J. Exper. Med. 66:801 (Dec.) 1937. 

22. Warner, E. D.: Plasma Prothrombin: Effect of Partial Hepatectomy, J. 
Exper. Med. 68:831 (Dec.) 1938. 

23. Lord, J. W., Jr.: The Effect of Trauma of the Liver on the Plasma Pro- 
thrombin: An Experimental Study, Surgery 6:896 (Dec.) 1939. 

24. Warren, R., and Rhoads, J. E.: The Hepatic Origin of the Plasma Pro- 
thrombin: Observations After Total Hepatectomy in the Dog, Am. J. M. Sc. 198: 
193 (Aug.) 1939. Andrus, W. D.; Lord, J. W., Jr., and Moore, R. A.: The 
Effect of Hepatectomy on the Plasma Prothrombin and the Utilization of Vitamin 
K, Surgery 6:899 (Dec.) 1939. 

25. (a) Butt, H. R.; Snell, A. M., and Osterberg, A. E.: The Pre-Operative 
and Post-Operative Administration of Vitamin K to Patients Having Jaundice, 
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suggested that the character of the response to parenterally administered 
vitamin K may be used as a test of hepatic function. 

Methods of Administration—The initial clinical reports dealt with 
the use of vitamin K concentrates prepared from alfalfa or from putrefied 
fish meal. Such preparations had to be given by mouth with bile salts 
added to facilitate absorption. The present trend seems to be toward 
the use of the synthetic preparations, especially 2-methyl-1, 4-naphtho- 
quinone.** This has been given by mouth in doses of from 2 to 10 mg. 
daily. It may be given intramuscularly in doses of 1 to 2 mg. dissolved 
in oil or injected intravenously dissolved in physiologic solution of 
sodium chloride. The parenteral route of administration seems par- 
ticularly indicated when a rapid effect is essential or when response 
to oral therapy has been absent or unsatisfactory. A variety of active 
synthetic compounds have been described, but it is still too soon to draw 
final conclusions regarding a choice among them in therapy.” 


RELATION OF VITAMIN A TO THE LIVER 


The recent studies on vitamin K have shown not only that bile is 
essential for its absorption but that after absorption it cannot be utilized 
by a damaged liver. This has stimulated interest in the behavior of 


J. A. M. A. 113:383 (July 29) 1939. (b) Stewart, J. D., and Rourke, G. M.: 
Control of Prothrombin Deficiency in Obstructive Jaundice by Use of Vitamin K, 
ibid. 113:2223 (Dec. 16) 1939. (c) Pohle, F. J., and Stewart, J. K.: Observa- 
tions on the Plasma Prothrombin and the Effects of Vitamin K in Patients with 
Liver or Biliary Tract Disease, J. Clin. Investigation 19:365 (March) 1940. (d) 
Scanlon, G. H.; Brinkhous, K. M.; Warner, E. D.; Smith, H. P., and Flynn, 
J. E.: Plasma Prothrombin and the Bleeding Tendency with Special Reference 
to Jaundiced Patients and Vitamin K Therapy, J. A. M. A. 112:1898 (May 13) 
1939. (e) Bollman, J. L.; Butt, H. R., and Snell, A. M.: The Influence of the 
Liver on the Utilization of Vitamin K, ibid. 115:1087 (Sept. 28) 1940. (f) Smith, 
H. P.; Ziffren, E. E.; Owen, C. A., and Hoffman, G. R.: Clinical and Experi- 
mental Studies on Vitamin K, ibid. 113:380 (July 29) 1939. (g) Wilson, S. J.: 
Quantitative Prothrombin and Hippuric Acid Determinations as Sensitive Reflec- 
tors of Liver Damage in Human Subjects, J. Lab. & Clin. Med. 25:1139 (Aug.) 
1940. (h) Andrus.13 

26. Andrus, W. DeW., and Lord, J. W., Jr.: Correction of Prothrombin 
Deficiencies by Means of 2-Methyl-1, 4-Naphthoquinone Injected Intramuscularly, 
J. A. M. A. 114:1336 (April 6) 1940. Cheney, G.: The Clinical Value of Vita- 
min K, ibid. 115:1082 (Sept. 28) 1940. Allen, J. G., and Julian, O. C.: Clinical 
Use of a Synthetic Substance Resembling Vitamin K (2-Methyl-1, 4-Naphthoquin- 
one), Arch. Surg. 40:912 (May) 1940. Norcross, J. W., and McFarland, M. D.: 
Intravenous Use of 2-Methyl-1,4-Naphthoquinone in Hypoprothrombinemia, J. A. 
M. A. 115:2156 (Dec. 21) 1940. 

27. Anderson, E. R.; Karabin, J. E.; Udetsky, H., and Seed, L.: Parenteral 
Administration of a Water-Soluble Compound with Vitamin K Activity: 4-Amino- 
2-Methyl-1-Naphthol Hydrochloride, Arch. Surg. 41:1244 (Nov.) 1940. 
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the other vitamins. The early experiments of Greaves and Schmidt * 
suggested that vitamin A was absorbed even though there was complete 
biliary obstruction. Altschule,*® on the other hand, reported evidence 
of a deficiency of vitamin A in patients with complete biliary obstruction 
due to congenital atresia of the ducts. 

More recently, Breese and McCoord,*® in a study of a series of 
children with so-called catarrhal jaundice, used chemical methods to 
determine the absorption of vitamin A into the blood. During the first 
nine days of the disease the majority of the children showed deficient 
absorption of vitamin A, but after the tenth day the absorption curve 
was normal. When absorption was delayed, the administration of bile 
salts usually sufficed to produce normal absorption curves. 

Night blindness is one of the earliest and most constant manifestations 
of a deficiency of vitamin A in adults. Photometric measurement of 
the dark adaptation of the eye affords a method of recognizing and 
studying this effect of vitamin A deficiency. The early reports of 
Jeghers ** have been amplified by Haig, Hecht and Patek,*? Zaffke,** 
Patek and Haig ** and Wohl and Feldman.** 

There are many factors besides hepatic injury which contribute to 
the development of a deficiency of vitamin A. The aforementioned 
reports show that such a deficiency can be demonstrated in patients with 
hepatic disease. This is true in cases of hepatic disease with jaundice 
but is even more apparent in cases of cirrhosis without jaundice. In 


28. Greaves, J. D., and Schmidt, C. L. A.: On the Absorption and Utilization 
of Carotene and Vitamin A in Choledochocolonostomized Vitamin A Deficient 
Rats, Am. J. Physiol. 111:492 (April) 1935; The Utilization of Carotene by 
Jaundiced and Phosphorus Treated Vitamin A Deficient Rats, ibid. 111:502 
(April) 1935. 

29. Altschule, M. D.: Vitamin A Deficiency in Spite of Adequate Diet in 
Congenital Atresia of Bile Ducts and Jaundice, Arch. Path. 20:845 (Dec.) 1935. 

30. Breese, B. B., and McCoord, A. B.: Vitamin A Absorption in Catarrhal 
Jaundice, J. Pediat. 16:139 (Feb.) 1940. 

31. Jeghers, H.: Night Blindness as a Criterion of Vitamin A Deficiency: 
Review of the Literature with Preliminary Observations on the Degree and 
Prevalence of Vitamin A Deficiency Among Adults in Both Health and Disease, 
Ann. Int. Med. 10:1304 (March) 1937. 

32. Haig, C.; Hecht, S., and Patek, A. J., Jr.: Vitamin A and Rod-Cone 
Dark Adaptation in Cirrhosis of the Liver, Science 87:534 (June 10) 1938. 

33. Zaffke, K. H.: Night Blindness as a Symptom of Thyrotoxicosis and of 
Hepatic Diseases, Deutsches Arch. f. klin. Med. 183:433, 1939. 

34. Patek, A. J., Jr., and Haig, C.: Occurrence of Abnormal Dark Adapta- 
tion and Its Relation to Vitamin Metabolism in Patients with Cirrhosis of the 
Liver, J. Clin. Investigation 18:609 (Sept.) 1939. 

35. Wohl, M. G., and Feldman, J. B.: Vitamin A Deficiency in Diseases of 
the Liver: Its Detection by Dark Adaptation Method, J. Lab. & Clin. Med. 25: 
485 (Feb.) 1940, 
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cases of cirrhosis, Patek and Haig ** were able to show that the deficiency 
was not attributable to an inadequate intake of the vitamin in the food. 
The parenteral injection of vitamin A in cases of cirrhosis improves the 
dark adaptation, but the rate of improvement is much slower than that 
seen in cases of dietary deficiency. This observation suggests that in 
cases of cirrhosis or severe hepatic damage there is a disturbance in the 
intermediary metabolism and utilization of vitamin A. 


LEPTOSPIROSIS ICTEROHAEMORRHAGICA 


Sporadic cases of Weil’s disease continue to be reported with increas- 
ing frequency. Tokuyama** reports 12 cases seen in Hawaii between 
1927 and 1932 and emphasizes the complete clinical and bacteriologic 
identity with those occurring in Japan. Keay ** reports that he has seen 
more than 40 cases in Hawaii since 1928. Blake ** records a case in 
Connecticut, and Haschec and Tobey,*® 1 in New Jersey. Havens, 
Bucher and Reimann *° recognized a small epidemic (7 cases) affecting 
bathers in an infected stream near Philadelphia. Early recognition is 
essential, for, as pointed out, the early administration of immune serum 
of high titer is of prime importance in treatment. Such serum is not 
available commercially in the United States at present; it is of interest, 
therefore, that Keay reports equally spectacular improvement after the 
transfusion of 500 cc. of whole blood from a donor who had recovered 
from the disease. 

Learn *' reports a series of 62 cases of acute infectious jaundice seen 
in Pennsylvania between 1937 and 1939. Children were predominantly 
infected, though the ages varied, the youngest patient being 3 and the 
oldest 47. Clinical evidence suggested that the disease was transmitted 
from person to person and that most adults were immune. Leptospiras 
were isolated in a sufficient number of cases to be considered the causal 
organisms. Careful studies in the past have failed to demonstrate an 
etiologic relationship between Leptospira icterohaemorrhagica and 


36. Tokuyama, S.: Weil’s Disease (Leptospira Icterohaemorrhagiae) in 
Hawaii: Its Serum Treatment, J. A. M. A. 114:2195 (June 1) 1940. 

37. Keay, T.: Infectious Jaundice in Hawaii, J. A. M. A. 110:110 (Jan. 15) 
1938. 

38. Blake, F. G.: Weil’s Disease in the United States: Report of a Case in 
Connecticut, New England J. Med. 223:561 (Oct. 10) 1940. 

39. Haschec, W., and Tobey, F. L.: A Case of Weil’s Disease, J. A. M. A. 
113:1319 (Sept. 30) 1939. 

40. Havens, W. P.; Bucher, C. J., and Reimann, H. A.: Leptospirosis: A 
Public Health Hazard; Report of a Small Outbreak of Weil’s Disease in Bathers, 
J. A. M. A. 116:289 (Jan. 25) 1941. 

41. Learn, B. G.: Clinical Report of Epidemic of Acute Infectious Jaundice, 
Pennsylvania M. J. 44:18 (Oct.) 1940. 
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epidemic infectious jaundice. Harmless leptospiras occur in nature, so 
it is questionable if their presence in these cases can be considered 
significant. 

Norton ** reports a similar epidemic of jaundice involving 23 cases 
which he observed in Nevada. In the majority of cases the transmission 
seemed to be by contact. The average incubation period was thirty-orie 
days. Agglutination tests negative for Leptospira served to rule out 
Weil's disease. Comparison of these findings with foreign reports, such 
as that of Bloch,** indicates the similarity of the epidemics of infectious 
jaundice in Europe and America. Lainer ** tried, without success, to 
demonstrate the causal organism in cases of sporadic catarrhal jaundice. 
In 15 cases, 300 cc. of blood from a jaundiced patient was transfused 
into a healthy subject. Bile obtained by duodenal drainage was also 
given to healthy subjects. No evidence of hepatitis or of jaundice 
developed in any of them. Lainer expressed the belief that these negative 
results served to exclude the effect of a specific icterogenic organism in 
producing catarrhal jaundice. Whether equally negative results would 
be obtained in the course of an epidemic of catarrhal jaundice remains 
to be proved. 


HEPATIC FUNCTION IN HYPERTHYROIDISM 


That the liver may be affected in cases of hyperthyroidism has long 
been known. Jaundice is recognized as a serious and usually late 
development in the crisis of exophthalmic goiter. Experimental studies 
have shown that the feeding of thyroid to animals results in almost com- 
plete disappearance of glycogen from the liver. This has been variously 
described as due either to a failure of glycogen deposition or to an 
increased glycogenolysis. Tests of hepatic function have shown changes 
in cases of hyperthyroidism. This subject has recently been discussed 
in a comprehensive report by Lichtman,** who gives a particularly good 
historical review of the literature. He points out the difficulties in such 
a study and the confusion arising from the fact that jaundice and hepatic 
changes may result from circulatory disturbances, cholangitis or hepatitis 
independently of the effects of hyperthyroidism. Serious jaundice, 
fortunately, is rare in cases of exophthalmic goiter, but still it occurs. 
The pathologic lesions resolve themselves into three main types: (1) 


42. Norton, J. A.: Acute Infectious Jaundice, J. A. M. A. 113:916 (Sept. 2) 
1939, 

43. Bloch, W.: Epidemic Appearance of Catarrhal Icterus, Schweiz. med. 
Wcehnschr. 69:445 (May 20) 1939. 

44. Lainer, F.: Question of Infectiousness of Icterus, Wien. klin. Wehnschr. 
53:601 (July 26) 1940. 

45. Lichtman, S. S.: Liver Function in Hyperthyroidism with Special Refer- 
ence to the Galactose Tolerance Test, Ann. Int. Med. 14:1199 (Jan.) 1941. 
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acute degenerative lesions with fatty changes and necrosis or even acute 
yellow atrophy ; (2) more chronic lesions appearing as subacute atrophy, 
and (3) cirrhosis or chronic fibrosis of the liver. 

While serious jaundice is rare in cases of hyperthyroidism, studies 
of tests of hepatic function indicate that in 45 to 90 per cent of such 
cases there is some evidence of functional disturbance. The value of the 
hippuric acid test in cases of hyperthyroidism has been stressed by 
Bartels and Perkin ** and by Bartels *’ in a report of 148 cases. They 
report a correlation of the excretion of hippuric acid with the basal 
metabolic rate and the cholesterol content of the blood in cases of 
untreated hyperthyroidism. The hippuric acid excretion improved with 
preoperative preparation, and in the great majority of cases values were 
normal three months after operation. Haines, Magath and Power * 
repeated these studies in a series of 78 cases of hyperthyroidism. They 
confirmed the previous finding of a reduction in the excretion of hippuric 
acid in a significant percentage of cases. They also found a slight cor- 
relation between the excretion of hippuric acid and the basal metabolic 
rate. Haines, Magath and Power, however, do not agree with Bartels * 
and Boyce and McFetridge,*® but feel that the test cannot be given a 
position of importance in the handling of patients with hyperthyroidism. 
They consider that clinical judgment of visceral damage and increased 
surgical risk is reasonably accurate and more satisfactory than any single 
laboratory test. They therefore question the clinical value of the hippuric 
acid test in the management of patients with hyperthyroidism. 

Lichtman, in his own observations, stresses the value of the galactose 
tolerance test. He found, as did Maclagan and Rundle,*° that galactose 
tolerance was reduced in cases of thyrotoxicosis. It improved with 
administration of iodine, and the greatest proportion of normal values 
were obtained after thyroidectomy. Lichtman considers the basic func- 
tional disturbance in the liver in cases of hyperthyroidism to be associated 
with carbohydrate metabolism and reports that the galactose tolerance 
test is the most satisfactory one for determining hepatic function. 





46. Bartels, E. C., and Perkin, H. J.: Liver Function in Hyperthyroidism as 
Determined by the Hippuric Acid Test, New England J. Med. 216:1051 (June 17) 
1937. 

47. Bartels, E. C.: Liver Function in Hyperthyroidism as Determined by the 
Hippuric Acid Test, Ann. Int. Med. 12:652 (Nov.) 1938. 

48. Haines, S. F.; Magath, T. B., and Power, M. H.: The Hippuric Acid 
Test in Hyperthyroidism, Ann. Int. Med. 14:1225 (Jan.) 1941. 

49. Boyce, F. F., and McFetridge, E. M.: Studies in Liver Function by the 
Quick Hippuric Acid Test: II. Thyroid Disease, Arch. Surg. 37:427 (Sept.) 
1938. 

50. Maclagan, N. F., and Rundle, F. F.: Liver Function in Thyrotoxicosis, 
Quart. J. Med. 9:215 (July) 1940. 
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The exact mechanism of the functional disturbance in the liver in 
hyperthyroidism is not understood, but Lichtman suggests that glycogen 
depletion is a necessary result of the metabolic demands of the hyper- 
thyroid state. Not only are the carbohydrate stores exhausted, but the 
protein stores are depleted. These changes need not produce functional 
disturbances, but they deprive the liver of its prime protective agents 
and leave it susceptible to damage by thyroxin, toxic products of 
endogenous intermediary metabolism, bacterial toxins or the like. There 
has been a tendency to stress the role of the liver in the development 
of the clinical picture of thyroid crisis. Some authors go so far as to 
ascribe the mortality in cases of such conditions . “liver deaths.” ™ 
This topic has been clarified by the report of Foss, Hunt and McMillan ** 
on a series of 96 deaths from thyroid disease. Postmortem examinations 
were made in 29 cases. Death in 9 of the latter was due to associated 
conditions rather than to the thyroid disease. In 9 other cases in which 
a clinical diagnosis of thyroid crisis was made, the autopsy revealed that 
death really was due to an overwhelming infection which antedated 
the symptoms of crisis. Only 11 of the 29 cases in which autopsy was 
done could rightfully be considered as examples of true thyroid crisis. 
In these cases the pathologist was unable to explain the pathogenesis of 
the crisis. There were varying degrees of hepatic necrosis, but Foss 
and his associates were unable to find any correlation between the degree 
of injury to the liver and the degree of toxemia. They conclude, there- 
fore, that in cases of thyroid crisis neither the heart, liver, thyroid nor 
thymus alone seems to be at fault and that the mechanism of this con- 
dition is as yet but little understood. 


CAUSES OF DEATH IN CASES OF HEPATIC DISEASE 


Unfavorable symptoms often appear acutely in cases of hepatic 
disease. These may lead to the death of the patient in a few days. 
Descriptions by the master clinicians of the past of the course and clinical 

51. Lahey, F. H.: Reduction of Mortality in Hyperthyroidism, New England 
J. Med. 213:475 (Sept. 5) 1935. Frazier, W. D., and Freiman, H.: Alteration 
in Liver Glycogen Following Thyroid, Iodine and Glucose Feeding, Surg., Gynec. 
& Obst. 60:27 (Jan.) 1935. Frazier, C. H., and Brown, R. B.: The Thyroid 
and Liver, Tr. Am. A. Study Goiter, 1935, pp. 168-178. Lahey, F. H.: Stage 
Operations in Severe Hyperthyroidism, Ann. Surg. 104:961 (Dec.) 1936. Dins- 
more, R. S.: Factors Influencing Morbidity in Thyroid Surgery, J. A. M. A. 
109:179 (July 17) 1937. Maes, U.; Boyce, F. F., and McFetridge, E. M.: 
Further Observations of Thyroid Disease in a Nonendemic Area, Ann. Surg. 105: 
700 (May) 1937. Bartlett, W., Jr.: Role of the Liver in Thyrotoxicosis, Surgery 
3:261 (Feb.) 1938. Shaffer, J. M.: Diseases of the Liver in Hyperthyroidism, 
Arch, Path. 29:20 (Jan.) 1940. 

52. Foss, H. L.; Hunt, H. F., and McMillan, R. M.: The Pathogenesis of Crisis 
and Death in Hyperthyroidism, J. A. M. A. 113:1090 (Sept. 16) 1939. 
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picture presented in such cases cannot be improved on at present. The 
study of postoperative deaths by surgeons has also led to the accumu- 
lation of an extensive literature dealing with various types of so-called 
liver death. 

Hypoglycemia.—The first cleancut experimental picture of hepatic 
insufficiency was that which Mann ** produced by the removal of the 
liver in dogs. Mann showed that the acute collapse of the dogs was 
associated with a reduction in the blood sugar level and that the animals 
could be revived by the administration of dextrose. These studies and 
those of Fischler ** provided the experimental basis for the recognition 
of hypoglycemia as a distinct clinical syndrome. 

The discovery that a similar syndrome followed an overdose oi 
insulin and the recent introduction of inducing hypoglycemia as a 
therapeutic procedure in psychiatric practice have led to the general 
recognition of the syndrome of hypoglycemia, so that the details need 
not be discussed here. 

The literature dealing with hypoglycemia for the most part stresses 
the element of hyperinsulinism, whether therapeutic or spontaneous from 
association with tumors or hyperfunction of the islands of Langerhans. 
Clinical cases of hypoglycemia of hepatic origin are relatively rare but 
still occur with sufficient frequency that this possibility should not be 
overlooked. The pathologic lesions which may produce this syndrome 
are varied, and hypoglycemia is not characteristic of any specific hepatic 
lesion. The report of the first case, one of toxic hepatitis following the 
administration of neoarsphenamine, was made by Cross and Blackford.** 
An extensive primary carcinoma of the liver was responsible for hypo- 
glycemia in the cases reported by Nadler and Wolfer** and by 
Crawford.** Josephs ** and Judd, Kepler and Rynearson * described 
cases of hypoglycemia associated with fatty metamorphosis of the liver. 


53. Mann, F. C.: The Effects of Complete and of Partial Removal of the 
Liver, Medicine 6:419 (Dec.) 1927. 

54. Fischler, F.: Physiologie und Pathologie der Leber nach ihrem heutigen 
Stande, ed. 2, Berlin, Julius Springer, 1925. 

55. Cross, J. B., and Blackford, L. M.: Fatal Hepatogenic Hypoglycemia 
Following Arsphenamine, J. A. M. A. 94:1739 (May 31) 1930. 

56. Nadler, W. H., and Wolfer, J. A.: Hepatogenic Hypoglycemia Associated 
with Primary Liver Cell Carcinoma, Arch. Int. Med. 44:700 (Nov.) 1929. 

57. Crawford, W. H.: Hypoglycemia with Coma in a Case of Primary Car- 
cinoma of the Liver, Am. J. M. Sc. 181:496 (April) 1931. 

58. Josephs, H.: Spontaneous Hypoglycemia in Childhood, Am. J. Dis. Child. 
38:746 (Oct.) 1929. 

59. Judd, E. S.; Kepler, E. J., and Rynearson, E. H.: Spontaneous Hypo- 
glycemia: Two Cases with Fatty Metamorphosis of the Liver, Am. J. Surg. 24: 
345 (May) 1934. 








GREENE—LIVER AND BILIARY TRACT 881 


Howard ® and Moore, O’Farrell and Headon “ have noted hypoglycemia 
in cases of acute yellow atrophy of the liver and of acute hepatitis, 
respectively. Sjoberg ** observed hypoglycemia in a case of fatal Weil's 
disease. More recently, Conn, Newburgh, Johnston and Sheldon,® 
Coller and Jackson ** and Conn * have reported a series of 6 cases of 
hypoglycemia due to chronic cholecystitis with associated cholangitis 
and biliary cirrhosis. My associates and I have also had the opportunity 
of seeing 3 cases in which recognizable hypoglycemia occurred as part 
of the postoperative reaction following cholecystectomy. Rowntree 
reported a similar case. It must, therefore, be concluded that hypo- 
glycemia occurs as a result of hepatic insufficiency. When one considers 
the number of operations which are now performed on the biliary tract, 
it is fortunate that hypoglycemia is so rare a complication. 


Hemorrhage-—Hemorrhage is one of the commonest complications 
of hepatic disease. It accompanies severe hepatitis or acute yellow 
atrophy, and it has been the commonest cause of death following opera- 
tion on patients with obstructive jaundice. The role of hypopro- 
thrombinemia in causing this predisposition to hemorrhage and correction 
of the disorder by the therapeutic use of vitamin K have already been 
discussed. 

The gastrointestinal hemorrhages that are so serious a complication 
of portal cirrhosis usually result from rupture of esophageal varices. 
Esophageal varices are one manifestation of the syndrome of portal 
hypertension which already has been discussed. The importance of the 
roentgenologic demonstration of esophageal varices has recently been 
emphasized by Schatzki.** The management of this condition has been 
discussed by Walters, Moersch and McKinnon.** Crafoord and 


60. Howard, C. P.: Incidence and Clinical Diagnosis of Acute Yellow Atrophy 
of the Liver, Tr. A. Am. Physicians 46:141, 1927. 

61. Moore, H.; O'Farrell, W. R., and Headon, M. F.: Spontaneous Hypo- 
glycemia Associated with Hepatitis, Brit. M. J. 1:225 (Feb. 10) 1934. 

62. Sjdberg, S. G.: Malignant Cases of Weil’s Disease, with Especial Refer- 
ence to Early Diagnosis, Acta med. Scandinav. 98:536, 1939. 

63. Conn, J. W.; Newburgh, L. H.; Johnston, M. W., and Sheldon, J. M.: 
Study of the Deranged Carbohydrate Metabolism in Chronic Infectious Hepatitis, 
Arch, Int. Med. 62:765 (Nov.) 1938. 

64. Coller, F. A., and Jackson, H. C.: Surgical Aspects of Hypoglycemia 
Associated with Damage to the Liver, J. A. M. A. 112:128 (Jan. 14) 1939. 

65. Conn, J. W.: The Spontaneous Hypoglycemias: Importance of Etiology in 
Determining Treatment, J. A. M. A. 115:1669 (Nov. 16) 1940. , 

66. Rowntree, L. G.: Certain Clinical and Terminal Pictures in Hepatic Dis- 
ease, M. Clin. North America 13:1399 (May) 1930. 

67. Schatzki, R.: Roentgen Demonstration of Eosphageal Varices: Its Clinical 
Importance, Arch. Surg. 41:1084 (Nov.) 1940. 

68. Walters, W.; Moersch, H. J., and McKinnon, D. F.: Bleeding Esophageal 
Varices: An Evaluation of Methods Directed Toward Their Control, Especially 
by Direct Injection of a Sclerosing Solution, Arch. Surg. 41:1101 (Nov.) 1940. 
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Frenckner ® reported successful injection of sclerosing solution into 
the varices through the esophagoscope. Now Moersch reports 6 cases 
in which the injection of a solution of sodium morrhuate into the varices 
through the esophagoscope has been successful in causing their oblitera- 
tion. This is a brilliant technical achievement on the part of Moersch 
and gives promise of being of great therapeutic value. 


HEPATORENAL SYNDROME 


Renal insufficiency is one of the serious postoperative complications 
of obstructive jaundice. It has attracted a great deal of attention, 
particularly among surgeons, and has been emphasized under the title 
of hepatorenal syndrome. A large literature has resulted, which has 
been the subject of a review by Wilensky.”° 

Patients with the hepatorenal syndrome show a clinical picture which 
is fairly characteristic. The manifestations develop slowly. In a few 
cases the symptoms are mild and consist of increasing mental lethargy, 
gastrointestinal disturbances and a diminished output of urine. There 
is a concomitant retention of urea and other nitrogenous substances in 
the blood. Under the influence of the forced administration of large 
amounts of fluid containing dextrose and sodium chloride, and occa- 
sionally transfusions, the picture :improves, the urinary flow is 
reestablished, the laboratory findings return to normal and the patient 
recovers. 

In cases of more severe form there is no improvement. The clinical 
symptoms increase in severity, the lethargic state is replaced by coma, 
the gastrointestinal symptoms increase and jaundice frequently appears 
or increases in intensity. The urinary output decreases, or there may 
be complete suppression of urine. Carphologia, subsultus tendinum 
and occasionally convulsions appear. Death follows shortly. 

Postmortem examination shows changes in both the liver and the 
kidneys. There are shrinkage and cytoplasmic granulation of the hepatic 
cells about the central veins. The biliary canaliculae and the smaller 
bile capillaries are plugged with pigmented material. Various degrees 
of necrotic change are observed in the hepatic cells, especially those of 
the central portion of the lobule and about the larger bile ducts. The 
stellate cells of Kupffer are swollen and seem to show increased activity. 

In the kidney, the convoluted tubules and the loops of Henle show 
extensive parenchymatous degeneration. In many tubules the nuclei are 
pale and hazy and apparently are undergoing lysis. Other tubules seem 


69. Crafoord, C., and Frenckner, P.: New Surgical Treatment of Varicose 
Veins of the Oesophagus, Acta oto-laryng. 27:422, 1939. 

70. Wilensky, A. O.: Occurrence, Distribution and Pathogenesis of So-Called 
Liver Death and/or the Hepatorenal Syndrome, Arch. Surg. 38:625 (April) 1939. 
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to have undergone complete necrosis. The epithelium lining Bowman's 
capsule is swollen, as is the endothelium of the capillary loops. The 
collecting tubules contain granular albuminous precipitate and casts. 
The various attempts to explain these changes have in general been made 
from one or the other of two opposed points of view. On the one hand, 
there is the view, championed by Helwig and Orr and their associates," 
Boyce and McFetridge** and many others, that patients with this 
syndrome are “liver weaklings.” It is assumed that they are able to 
endure the hepatic damage which they have suffered as long as they 
are subjected only to the stress and strain of ordinary life. They cannot, 
however, withstand the added ordeal of anesthesia, the trauma of surgical 
manipulation, the drop of intra-abdominal temperature, the changes in 
hepatic and biliary pressure and the other factors introduced by surgical 
procedures involving the liver or biliary tract. 

When hepatic function fails, the toxic substances which reach the 
liver in the course of the normal metabolic processes are no longer 
detoxified. The kidney then attempts to take over the function of 
detoxification. It must deal not only with toxic substances which the 
liver is unable to handle but with specific toxic substances formed from 
necrosing hepatic cells. The margin of reserve in the kidney is slight. 
It promptly breaks down in its turn, and an overwhelming and lethal 
toxemia is the natural consequence. Boyce *” reports that he has no 
doubt that hepatic damage always precedes renal damage and that prompt 
death with hyperpyrexic manifestations and deferred death with uremic 
manifestations are phases of the same pathologic process. 

The tendency has been to widen the use of the term hepatorenal 
syndrome. At first it was limited to conditions developing in the biliary 
tract after operation, with or without jaundice, or accompanying chole- 
lithiasis or cholangitis. Cases of traumatic injury to the liver were also 
included. Wilensky lists a great variety of conditions in association 
with which the hepatorenal syndrome has been described. In many 
of the cases the syndrome is reported as following abdominal and other 
operations in which the liver and biliary tract were not primarily 
involved. Included in his compilation are: carcinoma of the breast; 
gastric ulcer; poisoning by cinchophen or allied compounds ; poisoning 


71. Schutz, C. B.; Helwig, F. C., and Kuhn, H. P.: A Contribution to the 
Study of the So-Called Liver Death, J. A. M. A. 99:633 (Aug. 20) 1932. Orr, 
T. G., and Helwig, F. C.: Liver Trauma and Hepatorenal Syndrome, Ann. Surg. 
110:682 (Oct.) 1939. 

72. (a) Boyce, F. F., and McFetridge, E. M.: “Liver Deaths” in Surgery: 
Analysis of Thirty-Four Cases, with New Explanation of Clinical and Pathological 
Picture, New Orleans M. & S. J. 88:563 (March) 1936. (b) Boyce, F. F.: 
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Ann. Surg. 109:351 (March) 1939. 
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by a great variety of drugs and chemicals, especially by phosphorus, 
chloroform, arsphenamine and diethylene glycol ; toxemia of pregnancy ; 
the thyroid crisis of acute thyrotoxicosis; burns; intestinal obstruc- 
tions; alkalosis; infections and bacteremia; leptospirosis, or Weil's 
disease; acute yellow atrophy, or icterus gravis; hyperpyrexia from 
artificial fever ; anesthesia ; shock ; tissue necrosis, and biliary peritonitis. 

Opponents of the view that the hepatorenal syndrome is the result 
of a specific toxic process argue that the variety of conditions just listed 
is evidence either of the effect of a great number of toxic agents or of 
a faulty use of the term. 

Wilensky points out that the association of hepatic and renal damage 
in pathologic conditions is frequent because the two organs are the chief 
means of excretion after metabolic change has taken place. My experi- 
ence has been in complete accord with this point of view. 

The liver is the chief agent for the neutralization of poisonous sub- 
stances absorbed from the alimentary tract, whether introduced as such 
or formed during the process of digestion. The kidney is the chief 
means of elimination of toxic substances which the body is unable to 
neutralize. When excretion by the liver becomes impossible, whether 
from blocking of the bile ducts or from parenchymal destruction, the 
kidney takes on the eliminatory function of the liver. It would seem 
that with the conditions previously listed, the two essential features 
of the hepatorenal syndrome, hepatic lesions and renal lesions, do not 
always occur and that they do not occur with equal intensity. It is 
generally accepted that a great variety of agents is capable of producing 
hepatic injury. The variety of substances which may produce renal 
damage is equally diverse. Experimental studies have shown that a 
considerable number of chemical compounds, such as chloroform, phos- 
phorus, carbon tetrachloride or diethylene glycol, have an injurious effect 
on both the liver and the kidneys. The relative intensity of the changes 
produced depends on the method of administration, the dosage, the 
previous diet of the animal, differences in individual susceptibility and 
a variety of other factors. 

Experimental attempts to produce the hepatorenal syndrome in 
animals have been only partially successful and have failed to demonstrate 
the role of a characteristic and specific toxin in the pathogenesis of this 
condition. It is clear, therefore, that the hepatorenal syndrome develops 
in consequence of the action of more than one precipitating factor. 

Whatever the poisons are, they affect both the liver and the kidneys. 
They may be exogenous in origin, or they may develop within the body. 
They may be chemical drugs and poisons, toxins resulting from bacterial 
growth or products of destruction of the various tissues of the body. 
They may be formed during metabolism or arise in the intestinal canal 


during digestion. 
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Once this chain of anatomic and functional disturbances is initiated, 
other factors, such as fever, shock, autolysis of tissue, anoxemia, 
anhydremia and azotemia, come into play. These aid and abet the 
primary agents by creating conditions which are capable of producing 
further cellular degeneration in the parenchymatous organs. A vicious 
cycle, therefore, is produced and the primary injury greatly accentuated. 
The development of the hepatorenal syndrome is of serious prognostic 
importance in both medical and surgical cases and therefore should be 
recognized at the earliest possible moment. It is due to the action of 
a variety of possible agents, so that further study of the pathogenesis 
of the condition is desirable. 


ICTERUS GRAVIS, OR ACUTE YELLOW ATROPHY OF THE LIVER 


According to Legg,’* Morgagni is generally credited with the first 
report of an authentic case of acute atrophy of the liver, though a 
possible case was reported by Ballonius. Since then numerous cases 
have been reported. Bright was one of the first English physicians to 
record this disease, and his report was followed by others, notably that 
of Budd. It was the work of the Viennese school, especially that of 
Horaczek, Rokitansky and Frerichs, that firmly established this disease 
as a clinical and pathologic entity. More recent descriptions have been 
given by Legg,”* Miller and Rutherford,’* Howard ® and others.”* 

The disease usually begins as a gastrointestinal upset with nausea, 
anorexia, epigastric distress and generalized malaise. These prodromal 
symptoms frequently are so slight as to be overlooked entirely. 

The appearance of bile in the urine often precedes the development 
of jaundice. The clinical signs of jaundice vary considerably in degree, 
and at this stage the condition is not to be differentiated from the 
ordinary benign type of acute jaundice. 

The increasing severity of the symptoms and rapid progress of the 
disease are the most characteristic manifestation of acute yellow atrophy. 
The commonest nervous manifestation is drowsiness. This, however, 
may be preceded by a period of extreme excitement beginning with 
headache, restlessness, mental confusion and delirium and may be 
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accompanied by muscular twitching or generalized convulsions. After 
the access of the delirium the patients fall again into a drowsy state, and 
by degrees this passes over into a profound coma. 

In some cases there is a hemorrhagic diathesis, which may appear 
in the form of a purpuric eruption or as a persistent oozing from the 
mucous surfaces and the gastrointestinal canal. The pulse, respiration 
and temperature frequently are unchanged during the early period of 
the disease; later the pulse rate increases considerably. When the 
patient becomes comatose, the respiration becomes slow and stertorous, 
and a marked premortal rise in temperature has been described. At 
necropsy reduction in the size of the liver and slight enlargement of the 
spleen usually are present. Changes in these two organs are important 
when they can be demonstrated clinically, but this is often difficult, if 
not impossible. Nausea and vomiting and tenderness in the epigastrium 
and along the right costal margin are frequent accompaniments of this 
disease. Ascites is seen occasionally. 

Hepatic Coma.—Progressively increasing weakness and loss of 
appetite frequently are accompaniments of chronic disease of the liver. 
An increase in the severity of these symptoms associated with nausea 
often is of evil omen. The patient then becomes drowsy, and this 
drowsiness progressively deepens until it imperceptibly passes into stupor 
and coma. The respiration is unchanged at first but later may be 
irregular and of either the Cheyne-Stokes or the Biot type. In profound 
coma the respiration is usually slow and stertorous. The pulse rate and 
temperature usually show no change, but either may be markedly 
elevated. Nervous symptoms usually comprise a mild excitation with 
delirium at the onset, while the patient later passes into a typhoidal 
state. Rarely are there muscular twitchings and convulsions. In my 
experience, however, the symptoms of excitation are slight and the 
progressive lethargy with the development of drowsiness and coma 
dominates the clinical picture. 

This terminal picture is similar to that seen in cases of acute yellow 
atrophy of the liver. It is not characteristic of the latter disease alone, 
for it is seen in other conditions in which there has been extensive 
hepatic damage. I have seen this clinical picture develop in the terminal 
stages of acute yellow atrophy of the liver, in fatal Weil’s disease, in 
toxic jaundice caused by administration of arsphenamine or poisoning 
by carbon tetrachloride, in toxic hepatitis resulting from eclampsia, in 
both portal and obstructive cirrhosis and in extensive carcinomatous 
destruction of the liver, whether primary or secondary, and as a sequela 
of operations on the gallbladder or the biliary tract. This syndrome has 
developed independently of the presence or absence of such symptoms 
as jaundice or ascites and is not related to the degree of biliary obstruc- 
tion. 
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The pathogenesis of this condition is still undetermined. Leyden ** 
expressed the belief that the toxic symptoms resulted from retention of 
and poisoning by bile acids. By analogy to uremia, he named the 
syndrome cholemia, and this term has persisted, though the evidence 
is all against such a theory. Flint"? expressed the opinion that 
cholesterol was the toxic agent and named the disorder cholesteremia. 
Because of the apparently severe toxemia or intoxication it has been 
called hepatic intoxication. Other writers have stressed the evidence 
of hepatic insufficiency. This point of view led Frerichs ** to use the 
term acholia and Quincke and Hoppe-Seyler * to suggest hepatargia, 
from dpyia, or inactivity. 

My own studies have failed to show any significant change in the 
chemical composition of the blood occurring with such consistency that 
it could be considered as characteristic. In individual cases extreme 
changes in the chemical composition of the blood may occur, but these 
changes are significant only with regard to the individual case and not 
to the group as a whole. Intoxication due to the retention of any of 
the three chief constituents of the bile is to be excluded. The determina- 
tion of the bile acids in the blood shows no consistent increase. The 
clinical picture is not related to the level of either cholesterol or bilirubin 
in the blood serum. The amino acids in the blood are increased in cases 
of acute yellow atrophy when there is rapid destruction of the liver 
but not in cases of less acute disease. The blood urea is elevated when 
there is associated renal insufficiency. The infrequency of hypoglycemia 
has been mentioned. Hypoprothrombinemia apparently is responsible 
for the hemorrhagic tendency seen in cases of this disease, but this 
symptom is not present in all instances. Changes in the guanidine, lactic 
acid or uric acid of the blood are not constant. Neither acidosis nor 
alkalosis is characteristic. The same may be said regarding the other 
chemical constituents of the blood that I have studied. In view of the 
pronounced evidence of hepatic injury seen in cases of this condition and 
the absence of direct evidence of a proved toxic agent, one is forced to 
the view that the syndrome is to be related to hepatic insufficiency. 

The experimental picture of hepatic insufficency produced by extirpa- 
tion of the liver is dominated by the resultant hypoglycemia. The latter 
can be controlled by the injection of dextrose. Under these conditions 


76. Leyden, E.: Beitrage zur Pathologie des Icterus, Berlin, A. Hirschwald, 
1866. 

77. Flint, A., Jr.: Experimental Researches into a New Excretory Function 
of the Liver, Am. J. M. Sc. 44:305, 1862. 

78. Frerichs, F. T.: A Clinical Treatise on Disease of the Liver, London, 
New Sydenham Society, 1860. 

79. Quincke,*H., and Hoppe-Seyler, G.: Die Krankheiten der Leber, Vienna, 
Alfred Hélder, 1899. 


: 


AN Daf MERC E IEREP Ah Fees a9 ay 


A ees 











; 
' 
z 
; 


eodaiiliie 


888 ARCHIVES OF INTERNAL MEDICINE 


Mann ** has reported the development of a different terminal picture 
in the dog. It becomes restless and usually vomits. It breathes with 
considerable difficulty, though dyspnea and air hunger do not seem to 
be the cause. The animal becomes ataxic, and the senses of sight and 
hearing apparently are diminished or lost. Coma, which may persist 
for several hours, develops. Death usually is sudden and quiet. 

The drawing of an analogy between clinical findings in patients and 
experimental observations in animals is a prolific source of error unless 
precise objective changes can be used to confirm subjective impressions. 
That is true in the present case, and there is no direct proof that the 
clinical and experimental syndromes are related. Nevertheless, it is 
probable that they are intimately associated and an explanation of the 
factors producing death of the hepatectomized dog would go far in 
explaining the clinical picture of hepatic insufficiency. 

One need not seek for a single specific hepatic toxin. An analogy 
may be drawn to the uremic syndrome, which is quite as distinct clinically 
as is the syndrome of hepatic coma. The pathogenesis of uremia is not 
entirely clear, but recent investigators, such as Fishberg *° and Harrison 
and Mason *' insist that they have been unable to establish the retention 
of any single substance which will produce the clinical syndrome of 
uremia. They report rather that uremia is a complex autointoxication 
which is the summation of the effects of retention of various urinary 
constituents. 

Mann * has stressed the multiplicity of the functions of the liver and 
its essential nature as the chief storehouse and chemical factory of the 
body. This is an essential role, and his description of the liver as the 
commissariat of the body is apt. Any interference with these manifold 
activities of the liver is difficult because of the large reserve of this 
organ, but once this reserve is exhausted and true hepatic insufficiency 
produced, serious disturbances in the intermediary metabolism and milieu 
interior of the body are unavoidable. Not only the results of failure of 
the liver but also the effects of secondary disturbances in other organs 
may logically be expected. It is probable, therefore, that the clinical 
picture of hepatic insufficiency or hepatic coma is to be explained not as 
the effect of a yet undiscovered toxin or poison but rather as the sum- 
mation of the effects of the failure of its manifold activities and the 
inability of the organism to maintain life after the failure of so vital an 
organ. 
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Book Reviews 


Clinical Diabetes Mellitus and Hyperinsulinism. By Russell M. Wilder, 
M.D., Ph.D., F.A.C.P., Professor and Chief of the Department of Medicine, 
the Mayo Foundation for Medical Education and Research, University of 
Minnesota, and Head of the Section on Metabolism Therapy, Division of 
Medicine, the Mayo Clinic, Rochester, Minn. Cloth. Price, $6. Pp. 459. 
Philadelphia: W. B. Saunders Company, 1940. 


Here is the long-awaited presentation in monograph form of Dr. Wilder's 
past experiences and present day views in the field of diseases of carbohydrate 
metabolism. Although he limits his thesis to a consideration of procedures 
useful in the diagnosis and treatment of diabetes mellitus and hyperinsulinism, 
he keeps his subject matter alive and stimulating by the use of argumentative 
footnotes. The material is well organized and written in a plain, readable style. 

The initial chapter, on the normal homeostasis of the blood sugar and the 
various regulatory mechanisms involved in normal carbohydrate metabolism, serves 
admirably to introduce Dr. Wilder’s definition and diagnostic standards of dia- 
betes mellitus in its varied clinical forms. He adheres strictly to the unitarian 
concept of diabetes mellitus as a disease characterized by a persistently abnormal 
metabolism due to a real or relative insufficiency of the insulinogenic ability of 
the pancreas. In the discussion on the varied clinical types of diabetes some 
criticism might be offered against what seems an unusual emphasis on the type 
of dextrose tolerance curve, since it is not uncommon to find such tolerance 
curves varying widely in individual patients, either with diabetes or without it. 

Dr. Wilder recognizes as the basic cause of diabetes an insufficiency of insular 
reserve (bioplasmic inferiority, probably hereditary). Provocative causes are 
grouped in two categories. The first includes diseases which directly depress the 
function of the islet cells, such as acute or chronic pancreatitis, pancreatic stones 
or cysts, secondary degenerative lesions and hemochromatosis, and the second, 
such disturbances as obesity, endocrinopathies, organic or functional diseases of 
the nervous system and climatic changes. One may wonder at the more than 
usual emphasis on the climate as a provocative agent and the scanty discussion 
of a deficient blood supply to the pancreas as a factor in causing islet cell depres- 
sion. Dr. Wilder’s suggestions as to the prevention of diabetes mellitus are 
stimulating, but the ideas of mass migration of persons with diabetes and their 
siblings to more temperate climates and the limiting of diabetic families to one 
or two children will not go unchallenged in many quarters. 

The chapters on the treatment of diabetes are excellent and should serve as 
a dependable guide. Certain of the requirements for effective therapy will be 
difficult for the average physician to fulfil, but nevertheless are necessary and 
optimal for the proper care of the diabetic patient. It is hoped that Dr. Wilder’s 
attitude toward the use of insulin will help dispel the fears of it held by many 
persons with diabetes and not a few of their physicians. The sections on diet 
therapy, diet substitutions and cookery give a practical foundation of the prin- 
ciples of dietetics. There is an apparent middle-of-the-road policy in regard 
to the high fat-low carbohydrate versus low fat-high carbohydrate argument, 
although the diet lists in the appendix would indicate no reticence in the use 
of diets fairly high in fat. The carbohydrate allowance is neither high nor low, 
and undernutrition is not recommended. Useful tables of food values, normal 
weights and heights and the excellent food nomogram used at the Mayo clinic 
are included for the convenience of the physician. 

Ample space is given to the discussion of the complications of diabetes 
mellitus and their treatment. The rationale back of the therapeutic measures 
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advocated in the treatment of diabetic acidosis is explained, and the routine 
management is, for the most part, commendable. Exceptions may be taken to 
the validity of Dr. Wilder’s reasons for prescribing digitalis and the intravenous 
administration of sodium bicarbonate. Advocating cesarean section for the delivery 
of all diabetic mothers and the sterilization of the mothers seems illogical and 
dangerous in the present state of knowledge. The chapter on diseases of the 
thyroid gland is excellent. Surgical removal of all thyroid adenomas whether 
or not associated with hyperthyroidism would seem justified by the results 
obtained and on physiologic grounds. 

The chapters on hyperinsulinism are extremely valuable because of Dr. Wilder's 
original contributions to this subject. The definition and diagnostic interpreta- 
tions will be valuable in helping to sort out instances of hyperinsulinism from 
among the many diseases causing hypoglycemia, which, Dr. Wilder indicates, 
are not often due to true islet cell adenomas. Included is a detailed review of 
12 cases. It is hoped that the inclusion of hyperinsulinism in a monograph on 
such a common disease as diabetes will further the search for more instances of 
this interesting condition. 

The wide experience of Dr. Wilder makes this book an extremely valuable 
one for general use and for teaching purposes. It should be required reading 
in medical schools because it presents a practical consideration of a common 
disease in a readable style and because it illustrates how well an authority can 
present his views on a subject and still encourage sound criticism and investiga- 
tion. The bibliographic material is well chosen and admirably grouped at the 
end of each chapter. 


The Head and Neck in Roentgen Diagnosis. By Henry K. Pancoast, M.D., 
Eugene P. Pendergrass, M.D., and J. Parsons Schaeffer, M.D., Ph.D. Price, 
$12.50. Pp. 902, with 1,251 plates. Springfield, Ill.: Charles C. Thomas, 
Publisher, 1940. 

In 902 pages of text with a complete bibliography, the authors have written a 
book which should be of extreme interest not only to the roentgenologist but to 
the orthopedist, the otolaryngologist, the neurologist and the surgeon. It is one 
of few books written on this subject and, therefore, a great contribution to medi- 
cal literature. 

The first chapter covers the anatomy of the skull as well as anatomic varia- 
tions and anomalies. The second chapter should appeal to surgeons, especially 
those treating head injuries. The subject is covered in detail from a diagnostic 
standpoint. The technical factors and procedures necessary for good roentgeno- 
grams are ably presented and illustrated throughout the book. 

In the preface, the authors have stated that modern medical roentgenology 
cannot merely be concerned with the purely technical aspects of the subject, but 
must variously be correlated and integrated with certain aspects of fundamental 
and variational morphology, function, pathology and clinical observation. While 
the finished volume should, therefore, occupy an important niche in the library 
of every roentgenologist, it should also prove invaluable as a reference work for 
specialists interested in the head and neck. The book should be commended for 
the able presentation of many unusual conditions, so often omitted from the 
ordinary textbook. 

There is an excellent chapter on all intraorbital and intra-auricular foreign 
bodies, which should be of interest to the ophthalmologist and otologist, as well 
as the roentgenologist. Virtually one fourth of the book deals with intracranial 
tumors and the technic and diagnosis in cerebral pneumography. A general con- 
sideration of tumors of the brain and also their classification are dealt with in 
an instructive and concise manner. The chapter on cerebral pneumography 
describes the indications and contraindications and the technic used by the 
authors. The roentgenologic interpretation of intracranial tumors is well explained 
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and illustrated. The part of the discussion dealing with the differentiation of 
the normal and the pathologic and the need of being familiar with the normal 
is of extreme importance. 

In the last 129 pages the anatomy and pathology of the neck are considered 
thoroughly, even beyond the expectations of the trained roentgenologist. The 
demonstrations of the soft tissues of the neck are well illustrated in the roent- 
genographic reproductions. Usually a drawing, photograph or diagram of a 
cross section is used for comparison and identification of the structures. The 
anatomic and roentgenologic illustrations are of excellent quality throughout the 
book, and the numerous captions placed opposite each illustration are a great aid 
to the reader. 

The authors are to be congratulated on the compilation of this book. They 
have demonstrated great experience and an unlimited fund of information. 


The Electrocardiogram in Congenital Cardiac Disease: A Study of 109 
Cases, 106 with Autopsy. By Maurice A. Schnitker, M.D. Cloth. Price, 
$3. Pp. 147, with illustrations. Cambridge, Mass.: Harvard University 
Press, 1940. 


The author reports the electrocardiographic observations on 109 patients with 
congenital heart disease. In 106 instances material from autopsy was available; 
and in 1 other instance the diagnosis was corroborated by surgical intervention. 
The patients are discussed under three general headings: the acyanotic group, the 
late cyanotic group and the cyanotic group. Within each group individual lesions 
or combinations of lesions are considered. 

In most cases there was no specificity of the electrocardiographic changes in 
a given type of congenital cardiac disease. Specific changes occurred only in 
congenital heart block, in dextrocardia and in disease of the tricuspid valve. In 
most instances the electrocardiogram gave no clue which would differentiate con- 
genital from acquired heart disease. 

Of the 106 patients, right axis deviation was present in 36 per cent, left axis 
deviation in 21 per cent and no preponderance in 43 per cent. 

Large, biphasic QRS complexes were found in one or more leads in 30 per cent 
of the patients and were most frequently associated with defects of either the 
auricular or the ventricular septum. Disturbances of conduction varying from a 
prolonged PR interval to complete heart block were also found frequently in cases 
of defect of either septum. High and pointed P waves or auricular fibrillation 
occurred chiefly with defect of the auricular septum. 

A point of interest stressed by the author was the frequent presence of acquired 
rheumatic heart disease in conjunction with the congenital cardiac disease. Post- 
mortem examination revealed that 28, or 26 per cent, of the 106 patients had evi- 
dence of rheumatic valvular disease. 

The author has made a valuable contribution which should prove of interest to 
every student of congenital heart disease. 


The Merck Index. An Encyclopedia for the Chemist, Pharmacist, Physician, 
Dentist and Veterinarian. Fifth edition. Price, $3. Pp. 1,060. Rahway, N.J.: 
Merck & Co., Inc., 1940. 


The Merck Index has appeared in repeated editions since 1889 and hardly 
needs any introduction to the medical profession. It is a one volume encyclopedia 
constituting an extensive and almost complete reference work for various drugs 
and chemical compounds used in the medical sciences. 

The new edition is similar in format to the previous editions, but enlarged to 
include all of the new drugs and chemicals which have come into use since the 
last edition, in 1930. To the complete information on the various chemical com- 
pounds and drugs and their formulas, dosage and usage, which appeared in the 
previous editions, much valuable material has been added, including: a section on 
the coal tar dyes whose use is permitted in foods, drugs and cosmetics; a table of 
indicators used for acid-base titration and px determination; a complete section 
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devoted to the chemical and clinical-chemical reactions, tests and reagents, classified 
under each author’s name, with references to the literature in each case; a section 
on culture mediums, fixatives and staining solutions, and a section on antidotes 
for poisons. 

This volume is of direct value to physicians, druggists and laboratory workers 
as a guide and ready reference. The medical profession owes a debt of gratitude 
to Merck & Company for this complete and almost indispensable reference work. 


Clinical Heart Disease. Second edition. By Samuel A. Levine, M.D., Assistant 
Professor of Medicine, Harvard Medical School. Price, $6. Pp. xiv, plus 495, 
with 109 illustrations. Philadelphia: W. B. Saunders Company, 1940. 


The first edition of this book appeared in 1936. It was flatteringly reviewed 
in the Arcuives (59:1112-1113 [June] 1937). The reviewer said that the author 
of a textbook of medicine should be able to write clearly and concisely, should 
have something to teach and considerable experience in teaching it, should have 
a comprehensive experience covering the field about which he writes and, finally, 
should not hesitate to state ideas which have stood critical, practical tests in his 
own experience. Dr. Levine seemed to have met this formula happily, and the 
first edition of his book was deservedly popular. 

Now the second edition appears. It is much like the first in form and contents 
except for a new chapter on medicolegal aspects of heart disease. Luckily, an 
unfortunate typographic error in regard to the dose of cyanide for circulation time 
was detected and corrected before any harm could be done. 

Dr. Levine is wise. First he designed a good model for a useful book. Now 
he has perfected this model, taking from it what various critics have regarded as 
of inferior quality and adding to it new touches here and there so as to bring the 
contents up to date. The result is a better book than the first, more informative, 
with finer polish and greater readability. It continues to be what it was originally 
planned for, a book of great value to the general practitioner as well as to the 
physician who attempts to qualify as a specialist in the treatment of cardiac disease. 


Fundamentals of Nutrition. By Estelle E. Hawley, Ph.D., and Esther E. 
Mauer, M.D. Price $5, postpaid. Pp. 385. Springfield, Ill.: Charles C. 
Thomas, Publisher, 1940. 


If good nutrition is our first line of defense, then this book should help in 
building that line, for it is full of sane and sound advice on nutrition. If you are 
underweight it tells you how to gain, if overweight how to reduce, if allergic (and 
who is not?) how to plan your menu. If your income is not what it should be 
there are low cost meals, and if you have not been taking your daily allotment of 
vitamins there are pictures so revealing that you will immediately run to the 
corner drugstore or the kitchen cupboard before you, too, become “even as one of 
these.” 

The table of 100 calory portions is unique in that it includes the relative cost 
of each food and an outline for planning of menus. Another feature is a special 
diet form for use in cases of obesity, ulcers, diabetes, hypoglycemia and other 
disorders. 

This book is so full of information on nutrition, diet and menu planning that 
it should prove most helpful to any one wishing up-to-the-minute information on 
foods. 


Convalescent Care. Proceedings of the Conference Held Under the Auspices 
of the Committee on Public Health Relations of the New York Academy of 
Medicine, Nov. 9 and 10, 1939. Pp. 261. New York: New York Academy 
of Medicine, 1940. 


In this volume are presented the discussions on convalescent care occurring at 
the conference held for that purpose in New York. Convalescent care for the 
various types of medical or surgical patients or those with neurologic diseases 
is discussed in detail with reference to the medical, social and economic aspects. 
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The necessity for proper convalescent care after even minor illnesses, and cer- 
tainly after severe infections, has at no time received the attention which it should 
from the attending physician. Surgical patients have been largely neglected. 
Patients with cardiac disease have received some attention, but only in certain 
cities; and even this has been inadequate. Not only is convalescent care necessary 
for the welfare of these patients as regards restoration to a normal level of health 
and usefulness, but it is important as one means of reducing the cost of medical 
care to the patient and to the community. 

This volume is recommended to all physicians, regardless of the type of practice. 
It is hoped that the conference and this volume will breathe new life into a phase 
of medical care which, as Dr. Corwin says in his address, “has remained almost 
completely static, isolated and anemic.” 


Chemistry and Medicine. Papers Presented at the Fiftieth Anniversary ot 
the Founding of the Medical School at the University of Minnesota. Edited 
by Morris B. Visscher. Price, $4.50. Pp. 293, with charts and illustrations. 
Minneapolis: University of Minnesota Press, 1940. 


This volume comprises the papers presented in a program, given in October 
1939, which was planned to commemorate the semicentennial anniversary of the 
founding of the medical school at the University of Minnesota. The papers read 
on this occasion were chosen to center on one theme, “Some Trends in Medical 
Progress, with Particular Reference to Chemistry in Medicine,” and were pre- 
sented by men especially qualified to discuss each particular trend. Several guest 
speakers from other universities were included. It is not within the scope of this 
review to present comment on the individual papers. The subjects are set forth 
under four main headings: “Progress in the Application of Physical Chemistry to 
Medicine ;” “Some Recent Investigation in Metabolism;”’ “Some Aspects of 
Immunity and Chemotherapy,” and “Some Approaches to the Nervous Control of 
the Organism.” The papers presented were each of interest and importance to 
the student of medicine and were of uniform excellence. They constitute a lasting 
memorial to the establishment of a great institution of teaching which has made 
so many valuable contributions to medical science. 


Lehrbuch der Bader und Klimaheilkunde. By German Authors. Edited by 
Prof. Dr. H. Vogt. Vols. 1 and 2. Price, 93 marks. Pp. 1,227. Berlin: 
Julius Springer, 1940. 

These two volumes of many pages and great weight (2.5 Kg.) represent the 
yearly compilation of contributions on hydrotherapy, physical therapy and climatic 
therapy by German physicians. They are written with the usual German punc- 
tilious attention to details. Some of the sections may appeal to American physi- 
cians, such as the article presented by Bacmeister on the climatic treatment of 
tuberculosis. For the most part, the subject matter will have but little interest 
for practitioners of medicine, most of whom are not interested, for instance, 
in analyses of mineral waters or the special chemistry of mineral springs. The 
ordinary practitioner of medicine is somewhat skeptical concerning the value of 
bitter waters in relieving conditions of the stomach, intestine or gallbladder, and 
probably is even less interested in knowing about the special springs, spas, watering 
places and bathing establishments in Germany. 


The Compleat Pediatrician. By W. D. Davison. Third edition. Price, $3.75. 
Pp. 267. Durham, N. C.: Duke University Press, 1940. 


When the reviewer discussed the second edition of this book, he pointed out 
that the synopsis method, possibly bad in principle, was vindicated in this instance 
by the skill and knowledge of the author. The same point of view applies to the 
present (third) edition. Everything in pediatrics seems included, and when the 
reader has learned to find his way about, the book, as the author suggests, should 
be a real vade mecum. 
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News and Comment 


Scientific Session of the American Academy of Physical Medicine.— 
The nineteenth annual meeting and scientific session of the American Academy 
of Physical Medicine will be held on April 28, 29 and 30, 1941 in New York. 
Lectures, symposiums, clinical papers, motion pictures and exhibits will be pre- 
sented at the Hotel Pennsylvania. Clinics will be held at the Medical Center, 
New York Orthopedic Hospital, New York Post-Graduate Hospital and the 
Skin and Cancer Hospital. There will be an evening session at the Academy 
of Medicine Building and a banquet at the Hotel Pennsylvania. 

Physical medicine in relation to general medicine and the specialties will be 
the underlying theme of the discussions, which will be based on new developments 
in electrotherapy, electrosurgery, radiation therapy, hydrology, physical education, 
military medicine and aviation medicine and on laboratory reports on related 
investigation. 

All members of the medical profession and those of related interests are 
invited to attend the scientific program. There will be no registration fee. 

Inquiries may be sent to the secretary, Dr. Herman A. Osgood, 144 Common- 
wealth Avenue, Boston. 


American Heart Association.—The seventeenth scientific meeting of the 
American Heart Association will be held May 30 and 31, 1941, at the Hotel 
Statler, Cleveland. 





